
1

submissions

From:
Sent: Friday, 14 August 2015 3:00 PM
To: submissions
Subject: Review of Safe Food Australia
Attachments: campden-ecoli-alt-controls-report.pdf; ecoli-cross-contamination-guidance.pdf; 

vacpacguide.pdf

Hi  
  
Please find the submission from Townsville City Council, Environmental Health Services. 
  

Contact details: Environmental Health Services, Townsville City Council, PO Box 1268, 
Townsville, QLD 4810 

Standard 3.1.1 

Removal of shopping trolley as a food vehicle – maybe change this to “trolley” 

Standard 3.2.2  
  
Clause 3(2) – Why are skills and knowledge not applicable to fundraising activities?  We still 
believe that someone should have the     skills and knowledge even when carrying out fundraising 
activities – the level would be commensurate to the foods they are cooking. 
Clause 6(1)(b) – Better example in the guidance would be that “dry goods such as dried pasta 
should be kept dry whilst in a store room”. 
Clause 7(2) – The table within the guidance advises that thawing is ok at room 
temperature.  Suggest that this section has strict instructions to keep records about the time that a 
product has been thawing at room temperature if this method is chosen. 
Clause 15(1) - wearing protective clothing whilst handling food i.e. chef’s white, apron, “lab coat” 
etc. to protect the food not the handlers clothes.  Perhaps EHO’s should also be required to wear 
protective clothing during inspections??? 
Clause 20 – More information on sanitising would be great! 
Clause 22 – change the clause to state that a digital probe thermometer is required to ensure that 
core temperatures can be checked 

Standard 3.2.3  
  
Clause 3 – Consideration of minimum kitchen sizes for different activities i.e. café should have a 
kitchen of min xm2 within the guidance as examples 
Clause 7 – making AS1668 a standard that needs to be complied with 
Clause 10 – New floor materials now include non-slip materials that are harder to clean (with 
mops).  Some guidance on the level of epoxy and what is acceptable. 
Clause 12 – include guidance on the use of covers/diffusers for lights.  Are the fluorescent lights 
required to be covered/encased – what is acceptable within the kitchen 
Clause 14 – Change that the travel to a wash hand basin “Must” be 5 metres instead of should 
Clause 16 – What is an adequate number of toilets for the staff (numbers).  Also when toilets are 
shared in a complex, guidance on this 
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Examples updated, replaced or deleted – no comment 

Alternate examples – See comments above 

Current food issues/trends 

Vacuum / cryo vac and the risk of cross contamination and e.coli (see UK report attached)  
Hungi’s – what is an acceptable operation? 
Bubble Tea – is the sago/tapioca a potentially hazardous food when reconstituted? 
BBQ Duck – meat hanging for long periods outside temperature control – what is acceptable? 
Sous vide – guidance – what’s acceptable 
Sushi pH - guidance  
UV Filters in exhaust canopies – experience found they are not as affective a carbon/other 
traditional filters – guidance on these 

Separate section for mobile food vehicles and how the standard applies to them 

Separate section for home based businesses and how the standard applies to them.  
Guidance on the food allowed to prepare at home (i.e. cakes, vs. ready meals) and how far 
the code needs to be applied as a result. 

Using time – operators do not understand the concept so more guidance would be helpful.  Could 
include using records to track the total time out of temperature. 

No comment 

List other acceptable active ingredients that are not chlorine based (for those that want to use non-
chemicals sanitisers) 

Make it compulsory for businesses to keep records of their food activities, such as temperature 
records, staff sickness, cooling/reheating logs.  Having templates within the guidance. 

  
Thanks 
  
Anne 
  

   
Coordinator Environmental Health   
Environmental Health  
P   07 1300 878 001   
F      
E       
W  www.townsville.qld.gov.au   
Townsville City Council   
86 Thuringowa Drive   
PO Box 1268   
Townsville QLD 4810  
  
PRIVACY AND CONFIDENTIALITY NOTICE >> The information contained in this email is intended for the named recipients only. It may contain 
privileged and confidential information and if you are not the named intended recipient, you must not copy, distribute or take any action in reliance on it. 
If you have received this email in error, please notify us immediately by email or the telephone number or email listed above. 
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Intended audience 

1. The guidance is recommended for use by manufacturers and retailers of 
chilled vacuum and modified atmosphere packed (VP/MAP) foods, and to 
assist in the practical development of HACCP (hazard analysis and critical 
control points) for these foods1.  It is designed to meet the needs of all levels 
of expertise, from technical managers in large enterprises to small 
businesses and individuals.  The guidance is also designed to help Food Law 
Enforcement Officers carrying out their enforcement duties. 

2. The guidance summarises the advice of the Advisory Committee on the 
Microbiological Safety of Food (ACMSF) Report on Vacuum Packaging and 
Associated Processes2, the Industry Code of Practice for the Manufacture of 
Vacuum and Modified Atmosphere Packaged Chilled Foods3 and the 
recommendations found in the ACMSF 2006 Report available at: 
http://acmsf.food.gov.uk/acmsfreps/acmsfannualreports4.  The ACMSF 
recommended a maximum 10-day shelf-life for vacuum and modified 
atmosphere packed foods stored at 3 ≤ 8°C when other specified controlling 
factors could not be identified. 

3. The microbiological safety concerns summarised here will be restricted to the 
control of non-proteolytic C. botulinum, which is able to grow and produce 
toxin above 3°C.  At less than 3°C growth of non-proteolytic C. botulinum 
does not occur. Foods stored at less than 3°C are outside the scope of this 
guidance. 

Purpose and legal status 

4. These guidance notes have been produced to provide informal, non-binding 
advice on how to produce vacuum and modified atmosphere packaged 
chilled foods safely.  Compliance with this advice is not required by law. 

                                            

1Article 5 of Regulation EC 852/2004 on the hygiene of foodstuffs 

2 Advisory Committee on the Microbiological Safety of Food.  Report on Vacuum Packaging and Associated Processes; 1992.  
HMSO, London 

3 Campden and Chorleywood Food Research Association.  Guideline No 11: A Code of Practice for the Manufacture of Vacuum 
and Modified Atmosphere Packaged Chilled Foods; May 1996 

4 ACMSF Annual Report 2006 published by FSA August 2007, FSA/1191/0807 
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5. Businesses with specific queries may wish to seek the advice of their local 
enforcement agency, which will usually be the trading standards or 
environmental health department of the local authority. 

Introduction 

6. This document provides advice on VP/MAP chilled foods irrespective of the 
distribution channel, in relation to microbiological safety and shelf-life 
limitations associated with control of non-proteolytic C. botulinum.  The 
guidance is applicable to both ready-to-eat and raw foods. 

7. The process of vacuum packaging removes air and prevents its return by an 
airtight seal surrounding the food within the packaging material.  With 
modified atmosphere or ‘gas’ packaging, air is replaced by a strictly 
controlled mixture of gases usually chosen from carbon dioxide, oxygen and 
nitrogen.  There are various methods available which are described in detail 
in the Industry Code of Practice for the Manufacture of Vacuum and Modified 
Atmosphere Packaged Chilled Foods. 

8. Although VP/MAP techniques can increase the shelf-life of chilled foods by 
limiting the growth of microorganisms causing food spoilage, under certain 
circumstances a bacterium called non-proteolytic C. botulinum may grow in 
the absence of oxygen.  Non-proteolytic C. botulinum is able to grow and 
produce a harmful toxin at temperatures above 3°C.  It is important that 
VP/MAP chilled foods have appropriate controls in place to minimise the risk 
of this organism growing and producing harmful levels of toxin, throughout 
the shelf-life of the product. 

9. Although non-proteolytic C. botulinum food poisoning is very rare in the UK, 
its serious nature means that any business engaged in producing VP/MAP 
foods must understand the risks associated with it and take steps to 
appropriately manage it.  It is essential that all critical control points are 
identified and controlled at all times. 

Non-proteolytic C. botulinum and foodborne botulism 

10. Non-proteolytic C. botulinum is a spore-forming anaerobic bacterium.  This 
bacterium produces a very powerful toxin in food that causes the serious 
illness botulism, a potentially fatal form of food poisoning.  Botulinum toxin is 
the most potent biological toxin known.  The spores are widely distributed in 
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the environment, and are also liable to be present in food.  In a favourable 
environment spores may germinate leading to toxin formation. 

11. Outbreaks of foodborne botulism have been associated with foods sealed in 
air-tight containers including VP/MAP foods (e.g. smoked fish).  It is 
important to note that the presence of air, or a similar oxygen-containing 
atmosphere, cannot be relied upon to prevent growth and toxin formation by 
non-proteolytic C. botulinum.  Such foods can contain oxygen free areas that 
will allow C. botulinum to grow and form toxin.   

12. Examples of foods that have led to foodborne botulism outbreaks, without 
obviously being depleted of oxygen, include baked potatoes wrapped in 
aluminium foil, organic hummus, black bean dip, and carrot juice.  The 
literature also describes several challenge test studies where toxin formation 
by non-proteolytic C. botulinum was as rapid (or in some circumstances more 
rapid) in foods packed in air as under VP or low-oxygen MAP.  Oxygen 
presence or air packing should not therefore be considered in itself, an 
adequate control measure to prevent the growth of non-proteolytic C. 
botulinum and other control measures should be present in such foods. 

Factors controlling growth and toxin production by non-
proteolytic C. botulinum in chilled foods 

13. The ACMSF recommended that, in addition to chill temperatures which 
should be maintained throughout the food chain, the following controlling 
factors should be used singly or in combination to prevent growth and toxin 
production by non-proteolytic C. botulinum in chilled foods with a shelf-life of 
more than 10 days: 

• a heat treatment of 90°C for 10 minutes or equivalent lethality 

• a pH of 5 or less throughout the food and throughout all components of 
complex foods 

• a minimum salt level of 3.5% in the aqueous phase throughout the food 
and throughout all components of complex foods 

• a water activity of 0.97 or less throughout the food and throughout all 
components of complex foods 

• a combination of heat and preservative factors which can be shown 
consistently to prevent growth and toxin production by non-proteolytic 
C. botulinum 



 

14. The following decision tree should be used by the food business operator to 
determine if a shelf-life of greater than 10 days is appropriate: 
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Background information on the specific controlling factors 
for chilled VP/MAP foods in which a shelf-life of longer than 
10 days is indicated 

15. Since spores of non-proteolytic C. botulinum are widely distributed in the 
environment, it should be assumed that any ingredient/food might be 
contaminated.  It is on this basis that specific recommendations for shelf-life 
of VP/MAP foods are made. 

16. The following controlling factors should be used singly or in combination to 
prevent growth and toxin production by non-proteolytic C. botulinum in chilled 
foods with a shelf-life of greater than 10 days.  The shelf-life will begin as 
soon as the controlling factor(s) have been first applied: 

• a heat treatment of 90°C for 10 minutes or equivalent lethality (see 
Table 1) 

• a pH of 5 or less throughout the food and throughout all components of 
complex foods 

• a minimum salt level of 3.5% in the aqueous phase throughout the food 
and throughout all components of complex foods 

• a water activity of 0.97 or less throughout the food and throughout all 
components of complex foods 

• a combination of heat and preservative factors which can be shown 
consistently to prevent growth and toxin production by non-proteolytic 
C. botulinum 
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Table 1: Equivalent time/temperature combinations for 
spores of non-proteolytic C. botulinum 5 6

Temperature (°C) Time (mins) 

80 129 

81 100 

82 77 

83 60 

84 46 

85 36 

86 28 

87 22 

88 17 

89 13 

90 10.0 

91 7.9 

92 6.3 

93 5.0 

94 4.0 

95 3.2 

96 2.5 

97 2.0 

98 1.6 

99 1.3 

100 1.0 

 

                                            

5 Data from ACMSF Report of Vacuum Packaging and Associated Processes, 1992, ISBN 0-11-321558-4, and Best Practice 
Guidelines for the Production of Chilled Foods, Chilled Food Association, 2006, 4th edition, The Stationary Office, ISBN13 978-1-
901798-11-1 

6 Table 1 includes Z values based on ACMSF and CFA data.  ACMSF Z values limited to 80°C to 90°C range. CFA Z values 
limited to 90°C to 100°C 
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Heat treatment 

17. If heat treatment is to be used as the single control factor, the minimum heat 
treatment that should be used to manufacture a chilled VP/MAP product is 
90°C for 10 minutes or equivalent achieved at the slowest heating point in 
the product.  Equivalent times and temperatures are given in Table 1.  In 
most cases the shelf-life will apply from the time of cooking.  For foods stored 
at less than 3°C the shelf-life starts once the temperature of 3°C is exceeded 
and the controlling factors for chilled VP/MAP foods should be identified. 

Acidity of the food 

18. The level of acid in a food can be a controlling factor in the growth of 
microorganisms.  A pH of 5.0 or less throughout a food and all of its 
components, stored at chill temperatures less than or equal to 8°C is 
sufficient to inhibit the growth of non-proteolytic C. botulinum.  The pH of 
some multicomponent foods may vary within the product due to diffusion and 
mixing limitations and if pH is the controlling factor for safety, a pH of 5.0 or 
below should be achieved throughout all parts and components of the food.  
This should be monitored for every production batch.  The food business 
operator must define the batch7.  Batch size is a key point to consider in any 
risk management action. 

19. Acidified foods containing meat, fats or oils are notoriously difficult to acidify 
uniformly and extra care should be taken with these foods. 

Sodium chloride (NaCl) content 

20. A concentration of 3.5% sodium chloride in the aqueous phase of a food 
stored at temperatures less than or equal to 8°C is sufficient to inhibit the 
growth of non-proteolytic C. botulinum.  The percentage of sodium chloride 
(NaCl, salt) in the aqueous phase of a product can be calculated from the 
grams of sodium chloride present in 100g product and the moisture content 
(grams of water per 100g of product) using the following calculation: 

 

7 Batch is defined in Article 2 (e) of the Regulation for the microbiological criteria for foodstuffs (2073/2005/EC) as a group or set 
of identifiable products obtained from a given process under practically identical circumstances and produced in a given place 
within one defined production period. 
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 (NaCl content) x 100)  
(NaCl content + moisture content) 

Key 
NaCl content = g NaCl / 100g product 

Moisture content = g H2O / 100g product 

21. If salt content is the controlling factor for safety, a concentration of 3.5% or 
above should be achieved throughout the aqueous phase of a food.  This 
should be monitored for every production batch.   

Water activity (aw) 

22. By using water-binding chemicals such as sodium chloride or sugars, it is 
possible to remove the available water from a food, to a point at which the 
growth of microorganisms is inhibited.  A water activity (aw) of 0.97 or lower 
should be achieved throughout the food stored at temperatures less than or 
equal to 8°C to inhibit the growth of non-proteolytic C. botulinum.  The aw of 
some multicomponent foods may vary within the product and if aw is the 
controlling factor for safety, a aw of 0.97 or below should be achieved 
throughout all components of the food.  This should be monitored for every 
production batch.  Due to the nature of the test it may be necessary to 
approach a specialised laboratory to do aw measurements and to interpret 
the data. 

Other controlling factors 

23. Combinations of a lower level of the specific controlling factors described 
above may be able to prevent growth of non-proteolytic C. botulinum.  Other 
combinations, e.g. addition of nitrite, may also be used to prevent growth of 
non-proteolytic C. botulinum.  These specific combinations need to be 
validated using sound scientific principles; this is a highly specialised field 
and expert advice is needed.  Mathematical models e.g. Combase Predictor 
or Pathogen Modeling Program can be used to obtain relevant information on 
combinations of controlling factors. 
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The uses and limitations of predictive growth models 

24. Predictive microbiology models are important tools for food safety 
management as they provide a scientific basis to underpin key aspects of 
HACCP.  Predictive models available include those that describe growth 
limits, growth and thermal inactivation.  Predictive models for non-proteolytic 
C. botulinum are freely available in Combase Predictor (www.combase.cc) and 
the Pathogen Modeling Program (www.arserrc.gov/mfs/PMP6 CurMod.htm).  
These models can be used to predict the effect of conditions in the food (e.g. 
pH, temperature) on the growth of non-proteolytic C. botulinum.  It is 
important to recognise that models can only provide accurate information 
when interpreted by microbiologists with appropriate skills and experience.  
Where a business does not have such skill and expertise it should consult an 
expert in food microbiology (the frequently asked questions section below).  
The models are of particular benefit in providing a guide for the need for 
challenge testing, or to enable the effective targeting of a challenge test 
study. 

Practice of repackaging VP/MAP foods 

25. Where no other controlling factor can be identified, the maximum shelf-life 
should be 10 days from when the product is first vacuum packed (VP) or 
modified atmosphere packed (MAP).  The shelf-life should not be restarted if 
the product is subject to a further packing under vacuum or modified 
atmosphere, unless other controlling factors are first applied. 

26. The practice of giving a ‘rolling 10 day shelf-life’ is of great concern.  If a 
VP/MAP product is unwrapped, e.g. for slicing or portioning, and then 
rewrapped, the shelf-life given to the re-wrapped product should not exceed 
the shelf-life given to the original product.  Where the re-wrapped shelf-life is 
to be greater than 10 days then this ought to be justified with respect to 
controlling factors to prevent the growth of non-proteolytic C. botulinum. 

Frequently asked questions 

1 Q: Do some foods have a greater risk of C. botulinum than others? 

A: Table 2 gives examples of foods that differ in their inherent risk with respect to C. 
botulinum e.g. hot smoked fish would have a greater inherent risk relative to a hard 
cheese like Cheddar.   



 

 

Vacuum Packaging Technical Guidance 16 July 2008  

Table 2:  risk assessment of non-proteolytic C. botulinum 
in chilled foods adapted from Table 12, page 29, Report on 
vacuum packaging and associated processes, ACMSF, 
london: HMSO 1992 

Food category Examples Usual controlling 
factors (in addition to 
chill temperature) 

Priority for 
attention 

Hot smoked mackerel, trout, 
shellfish 

salt, 

shelf-life 

High 

Fresh chilled 
pasta (MAP) 

cannelloni, ravioli shelf-life Medium 

Hard Cheese Cheddar water activity, pH, salt Low 

 

2 Q: What are the key aspects of the FSA guidance? 

A: The FSA guidance recommends that the shelf-life applied to VP and MAP products 
be restricted to a short shelf-life i.e. no greater than 10 days unless the food business 
operator (FBO) is able to demonstrate that appropriate key control measures are in 
place.  There are two recommended ways to ensure the safety of VP and MAP 
products.  They should either be heated to a sufficient temperature to inactivate the 
spores of non-proteolytic C. botulinum or subject to a single or a combination of 
preservative control factors to prevent or inhibit the growth of non-proteolytic C. 
botulinum.  These are explained in the section ‘Background information on the 
specific controlling factors’. 

3 Q: How should a food business operator (FBO) establish the appropriate shelf-life 
with respect to C. botulinum for its products? 

A: The FBO should look at the decision tree in this document.  If the shelf-life is 
beyond 10 days the HACCP plan ought to specify the relevant control measures to 
ensure safety within the allocated shelf-life.  Article 3.2, Annex II of EC Regulation 
2073/2005: Microbiological Criteria for Foodstuffs, describes the necessary practices 
and procedures to be considered for establishing shelf-life.  It is noted that this is set 
out specifically for Listeria monocytogenes and is not a general legal requirement for 
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C. botulinum, however, this information may assist in determining an appropriate 
approach. 

4 Q: What specific food hygiene legislation is applicable to a business using VP/MAP 
technology? 

A: A business must be able to identify the hazards associated with their operation 
and the methods to control those hazards.  Article 5 of Regulation (EC) No 852/2004 
requires a permanent procedure based on HACCP principles.  A food business 
operator should be able to provide the local authority with evidence to demonstrate 
the way they control the hazards, including that of non-proteolytic C. botulinum in 
relation to their VP/MAP products.  See Article 5 (4) (a) of Regulation (EC) No 
852/2004 on the hygiene of foodstuffs. 

5 Q: How much information should be contained in a HACCP Plan covering VP/MAP 
technology? 

A: The extent and detail of the information in a HACCP Plan will depend on the shelf- 
life the business applies to their products.  If the shelf-life is up to and including 10 
days, the controls are simple and straightforward i.e. use of a clear ‘use by’ date 
within 10 days of packing, together with the storage of the product, which should be 
equal to or below 8°C throughout the shelf-life of the product.  The product should 
display the ‘use by’ date and the required storage conditions clearly printed on the 
pack.8

6 Q: Would an approach to HACCP based on Safer food, better business principles 
be appropriate? 

A: A HACCP procedure based on these principles is unlikely to be suitable, especially 
when the business wishes to apply a shelf-life greater than 10 days.  In such 
circumstances the business will need to set out their control measures critical limits 
and monitoring procedures in more detail and will need to keep appropriate records. 

7 Q: What level of process validation might be appropriate for a HACCP plan? 

A: Validation involves confirmation that, if followed, the HACCP plan will result in the 
production of safe food.  This is to ensure that the control measures and their 
associated limits are appropriate and can be applied in practice.  The level and 
nature of validation required will depend on the products and processes involved.  

 

8 See Regulation 5(c) of the Food Labelling Regulations 1996 (SI No 1499: 1996) as amended 
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The most important things to validate are that the control measures (e.g. heat 
treatment of 90°C for 10 minutes, pH of 5 or less, minimum salt concentration of 
3.5%, water activity of 0.97 or less) at the critical control points are sufficient to 
achieve the objectives.  The performance of some control measures will have already 
been validated by others or be so well established in practice that validation can be 
considered to be achieved (some examples are provided in this document).  
However, when this is not the case (e.g. when using different time temperature 
combinations), validation should be undertaken. 

8 Q: Who is responsible for undertaking the validation process? 

A: Validation is a process that should be undertaken by the food business operator 
themselves, if they have the expertise, or by another organisation on their behalf.  If 
the business is not using already validated procedures they should be able to 
demonstrate how they have validated their HACCP plan, in particular the critical 
control measures. 

9 Q: What steps should the local authority take to ensure that validation is 
undertaken correctly? 

A: The local authority should ensure that validation is undertaken by the business in 
meeting their obligation of complying with Article 5 of Regulation (EC) No 852/2004.  
If control measures are being used that have not already been validated or are not 
accepted practice then the authority should request evidence of the validation 
process, when it was undertaken and who was involved, including their level of 
expertise. 

10 Q: What action can the local authority take if evidence of the validation process is 
not provided? 

A: Article 5(1) of Regulation (EC) No 852/2004 requires a food business operator to 
put in place, implement and maintain permanent procedures based on HACCP 
principles.  Under Article 5(4)(a), a food business operator is also required to provide 
the competent authority with evidence of their compliance with Article 5(1) in the 
manner that the competent authority requires.  Failing to meet those community 
provisions may mean that an offence under the Food Hygiene (England) Regulations 
2006 (as amended) has been committed.  The use of a hygiene improvement notice 
(HIN) may be appropriate to require either (i) that validation is carried out or (ii) that 
evidence is provided of the result of the validation process.  The use of enforcement 
powers is subject to the guidance in the Food Law Code of Practice and to the local 
food law enforcement policy. 
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11 Q: A business is applying a shelf-life of greater than 10 days to their VP/MAP 
products.  How should the local authority satisfy itself that this is an appropriate shelf- 
life? 

A: Businesses should be able to provide scientific evidence that supports the shelf-
life determination applied to their products.  If a business is unable to provide this 
evidence further investigation and action may be required to protect consumer 
safety9.  General advice on enforcement is contained within the Food Law Code of 
Practice and associated Practice Guidance. 

12 Q: What further investigation or action might be necessary? 

A: The first stage is to consider whether the FSA guidance in respect of VP and MAP 
products is being followed.  The decision tree summarises the key questions that 
need to be considered. 

13 Q: How concerned should the local authority be if a food business operator 
continues to apply a shelf-life of greater than 10 days without the scientific evidence 
to support the shelf-life? 

A: The view taken by the Advisory Committee for the Microbiological Safety of Food 
(ACMSF) is that businesses producing VP and MAP should base their controls on the 
assumption that spores of non-proteolytic C. botulinum may be present in 
ingredients/foods.  Local authorities should ensure that such controls are in place in 
order to protect consumer safety.  Local authorities should take a risk-based 
approach when prioritising enforcement activities e.g. focus on businesses using 
VP/MAP in respect of food categories falling within the ‘high priority for attention’ 
category, examples of which are shown in Table 2 of this document. 

14 Q: What further action can be considered if a food business operator continues to 
produce VP/MAP products and applies a shelf-life greater than 10 days contrary to 
the guidance and the advice of the local authority? 

A: Powers exist in the Food Hygiene (England) Regulations 2006 (as amended) and 
equivalent legislation in Scotland, Wales and Northern Ireland, to issue a hygiene 
emergency prohibition notice where there is evidence that there is an imminent risk 
to consumers.  Before considering such action, the local authority should consider 
the advice contained in this document and other references therein and seek advice 
of an appropriate expert who may be able to provide evidence in court on behalf of 

 

9 Includes consideration of Regulation 5 (c) of the Food Labelling Regulations 1996 (SI No 1499: 1996) as amended  
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the authority if their action is challenged.  The seizure of food and the possibility of 
product recall would also need to be considered.  In considering whether 
enforcement action is appropriate or necessary it should be recognised that the 
advice of the Advisory Committee for the Microbiological Safety of Food (ACMSF) is 
based on best scientific advice and industry practice.  There is no specific law across 
the EU, in the UK or other Member States, that covers the use of VP/MAP 
technology. 

15 Q: Under what circumstances might a local authority consider the use of a 
hygiene emergency prohibition notice? 

A: If appropriate evidence is found, a hygiene emergency prohibition notice may be 
served on the food business operator, followed by an application to a Magistrates’ 
Court for a hygiene emergency prohibition order.  The following provides an example 
of circumstances where an authorised officer may consider the use of these 
prohibition powers because the health risk condition in Regulation 7(2) or Regulation 
8(4) of the Food Hygiene (England) Regulations 2006 (as amended) is likely to be 
satisfied.  That is, there is a risk of injury to health under Regulation 7(2) or an 
imminent risk of injury to health under Regulation 8(4).  This example is in no way 
prescriptive or exhaustive and is for illustrative purposes only.10

A food business operator producing a vacuum packed product which falls within the 
category requiring ‘high’ priority for attention (see paragraph 25 and Table 2), with a 
product shelf-life significantly in excess of 10 days and a complete failure to 
demonstrate effective control of non-proteolytic C. botulinum.  The food business 
operator is likely to have a general failure to satisfy relevant statutory obligations and 
a poor track record of compliance (i.e. a score of 15/20 in Part 2 of the Food Hygiene 
Scoring System and a confidence in management score of 20/30 in Annex 5 of the 
Food Law Code of Practice). 

Before considering such action the local authority should consider the information 
provided in the answer to question 13 particularly the need for expert evidence. 

16 Q: A business has been identified using VP and/or MAP technology for chilled 
foods.  The food business operator (FBO) does not appear to understand the 
inherent hazards associated with this form of food packaging.  What action should 
the local authority take? 

 

10 Text taken from the draft Food Law Code of Practice 
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A: The FBO should be provided with a copy of this FSA guidance.  Officers should 
consider whether the food business operator’s knowledge gap has resulted, or might 
result, in the production of food which is unsafe or otherwise non-compliant with food 
law.  Help and guidance should be provided to the business using a risk-based and 
proportionate enforcement approach in accordance with the advice contained in the 
Food Law Code of Practice. 

17 Q: If a food business operator (FBO) is repacking VP/MAP products what action 
should the local authority take to satisfy itself that the activity is safe and appropriate? 

A: An FBO must be able to identify the hazards associated with their business and 
the methods to control those hazards and reflect these in the business’s HACCP 
based food safety management system.  Reference to the decision tree will identify 
those factors that need to be taken into account when a VP/MAP product is 
repacked. 

Further advice 

18 Q: If an environmental health officer or a food business operator is concerned 
about the safety of a process where can they go to seek technical advice and 
opinion?  

A: There are a number of food research organisations able to provide advice 
including: 

• Campden & Chorleywood Food Research Association +44(0)1386 842 
000 

• Institute of Food Research +44(0)1603 255 000 

• Leatherhead Food International +44(0)1372 376 761 

Trade associations may also be able to provide an opinion e.g. Chilled Food 
Association +44(0)1536 514 365. 
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Glossary  

Batch:  a group or set of identifiable products obtained from a given process under 
practically identical circumstances and produced in a given place within one defined 
production period. 

Challenge testing: deliberate inoculation of relevant microorganisms into a food 
product to determine the product’s ability to support survival, growth or inactivation of 
the organism during storage at defined temperature(s). 

Controlling factor: factors that can be used to prevent the growth and toxin 
production by non-proteolytic C. botulinum.  In addition to chill temperatures (less 
than or equal to 8°C), the following factors should be used singly or in combination to 
prevent growth and toxin production by non-proteolytic C. botulinum in prepared chill 
foods with an assigned shelf-life of more than 10 days: 

• a heat treatment of 90oC for 10 minutes or equivalent lethality 

• a pH of 5.0 or less throughout the food 

• a salt level of 3.5% or more (aqueous) throughout the food 

• a aw of 0.97 or lower throughout the food 

• a combination of heat and preservation factors which has been shown to 
consistently prevent growth and toxin production by C. botulinum 

Hazard Analysis Critical Control Point (HACCP): a system that identifies, 
evaluates and controls hazards which are significant for food safety. 

Modified atmosphere packaging (MAP): atmosphere in a packaged product (gas) 
that differs from the ambient atmosphere. 

Non-proteolytic C. botulinum: psychrotrophic clostridia that grows and forms 
botulinum neurotoxin at chill temperatures. 

Shelf-life: the period during which the product maintains its microbiological safety 
and organoleptic qualities at a specific storage temperature.  It is based on identified 
hazards for the product, heat or other preservation treatments, packaging method 
and other hurdles or inhibiting factors that may be used. 

Vacuum packaging (VP): the removal of all or most of the air within a package, 
without deliberate replacement with another gas mixture, and prevents its return by 
an airtight seal of the food within the packaging material. 

Validation: obtaining evidence that the elements of the HACCP plan are effective.  
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Executive summary  
 
Research was carried out to determine the inactivation kinetic parameters that can be achieved using 

heat (both dry and wet) and chemicals (quaternary ammonium compounds (QAC), chlorine based and 

wipes) on surfaces inoculated with E. coli O157:H7. Best practice and verification methods were also 

investigated in relation to the alternative methods suggested in a survey of food business operators 

(FBOs), carried out by the Policy Studies Institute (PSI). In addition, investigations were carried out to 

assess the cross contamination risks that occur when vacuum packing products,  both externally from 

pack to pack and internally from contaminated areas of the vacuum packer that are hard to 

reach/clean.  

Thermal results  

 When heated for sufficient time E.coli O157:H7 can be removed from the stainless steel 

surfaces.  

 The D- values were much higher during dry heat treatments as opposed to wet heat treatments, 

e.g The D-value of E. coli O157:H7 at 65°C on stainless steel using dry heat was 136.8 minutes 

as opposed to 2.1 seconds using moist heating. This means that to receive a 4 log reduction in 

E. coli O157:H7 on stainless steel with dry heat at 65°C the item would need to be heated for 

approximately 547 minutes as opposed to 8.4 seconds with moist heating at the same 

temperature (Section 4.2.1). 

Chemical results  
Liquid application:  

 The information obtained demonstrates that there is no practical difference between non-

toxigenic and toxigenic Escherichia coli O157:H7 in susceptibility under the correct use 

conditions for disinfectants. (Appendix II). 

 When used correctly disinfectants can consistently achieve a >4 log reductions of E. coli 

O157:H7 dried upon surfaces using the European standard test BS EN13697:2001 and that 

deviations from optimal conditions will result in a decrease in efficacy of the disinfectant and 

thus if used inappropriately disinfectants may not achieve the desired effect (Section 4.3.1). 

Sanitiser wipes:   

 The use of wipes containing disinfectants has been shown to produce an approximately 3 log 

reduction in contamination on temperature probes inoculated and that allowing contamination to 

dry on the probes before using a wipe results in a significant reduction in efficacy (Section 

4.3.4).   

 For optimal efficacy the probe should be wiped immediately after use, first to remove any 

excess contamination and then re-wiped with a new disinfectant wipe (Section 4.3.4).  

 Whilst the wiping action appears to be primarily a mechanical removal of the contamination 

allowing a contact time for the disinfectant prior to re-use appears to improve efficacy (Section 

4.3.4).   
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 Wipes, used on the surfaces of temperature probes, can be used as a risk reduction method but 

not a control method in the removal of E. coli O157:H7. It is recommended that for temperature 

probes used on both raw and RTE products a more effective means of decontamination should 

be used. Wiping the probe to remove excess contamination, followed by immersion in hot water 

(>80ºC) or a disinfectant, for an appropriate contact time has been shown to produce a >4 log 

reduction (Section 4.3.4).   

 

Using the results of this study and risk assessments disinfection protocols can be set up and providing 

they are followed correctly the removal/destruction of E. coli O157:H7 is possible. 

 

Vacuum packers 
External cross-contamination: 

 It was observed that the operator can spread contamination from product to gloves and then to 

contact surfaces such as lid, handle, control panel and outer and inner bags.  

 Even when gloves are replaced with a clean pair, the contamination can still be spread to 

subsequently packed products (Section 4.4.1). 

Internal cross-contamination:  

 The machine was inoculated in different areas to assess the spread to internal products if the 

machine was contaminated in hard to reach/clean areas.  

 Contamination was observed in 4 out of the first 50 bags packed (Section 4.4.2). This indicates 

that contamination can be spread from the internal areas of a vacuum packing machine into the 

contents of a bag. 

Overall:  

 The internal cross-contamination study was carried out aseptically, wherein the operator did not 

come into contact with the packaged agar discs. However, if the results of the internal cross-

contamination studies were taken into account and the operator was also handling the product 

when the chamber is also contaminated (Section 4.4.2) then this again increases the risk of 

cross-contamination to the internal surfaces and contents.  

 When the chamber shows contamination this is likely to be transferred onto the outer surface of 

the packaging and thus the operator’s hands/gloves, which can then transfer onto the item to be 

packaged (Section 4.4.1). 

 This work showed that internal contamination of a VP machine does lead to contamination of 

both the vacuum chamber and the internal contents of packed bags produced in that chamber. 

Food businesses must practise good food hygiene at all times to make sure the food they produce is 

safe. The information obtained in this study was useful in relation to determining the inactivation kinetic 

parameters that can be achieved using heat (both dry and wet) and chemicals (quaternary ammonium 

compounds (QAC), chlorine based disinfectants) on surfaces inoculated with E. coli O157. Using the 
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results of this study, disinfection protocols can be set up and providing they are followed correctly the 

removal of E. coli O157:H7 is possible. The information observed on the efficacy of disinfection wipes 

on temperature probe surfaces, shows that they can be used as a risk reduction method but not a 

control method in the removal of E. coli O157:H7. Best practice is provided to outline the best method 

to use in the disinfection process. To ensure the optimal effectiveness of a disinfection treatment it is 

important that the item is free from all food debris. This may be achieved using mechanical and/or 

chemical treatment (e.g detergent/surfactant). Observations of temperature and chemical concentration 

verification methods readily available to small businesses, found that these can be a suitable method to 

verify the heat treatment achieved on surfaces during both wet and dry heat treatment and the 

chemical concentration used in a disinfectant solution.  
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For the purpose of this report: 
Cleaning chemicals are defined as chemicals that are used to remove dirt from surfaces 

Chemicals used in this study were a Quaternary ammonium based compound (sometimes referred to 

as QAC – or BKC (Benzalkonium chloride) and a Chlorine based compound (sometimes referred to as 

Sodium Hypochlorite (or ClO-).  

Disinfectants are defined as chemicals that when used at manufacturer recommended use 

concentrations are able to meet the requirements of BS EN 1276 and/or BS EN 13697 

EN 13697:2001: Quantitative non-porous surface test for the evaluation of bactericidal and/or 

fungicidal activity of chemical disinfectants 

Sanitizers are defined as chemicals that have properties of cleaning chemicals and are expected to kill 

bacteria but may or may not meet the BS EN 1276 and/or BS EN 13697 requirements 

D-value, or decimal reduction time, in microbiology refers to the time required, at a given temperature, 

to achieve a 90% reduction in the population of a given microorganism. 

Z-value is the change in temperature which is required in order to bring about a 10-fold change in the 

D-value.  

Re-commissioning is a prescribed method to be undertaken which, if followed, should render the 

machine safe for use with RTE products. 

Appendices and deliverables:  

Appendix I relates to the work carried out in Deliverable 2: Thermal studies (wet and dry heat). 

Appendix II relates to the work carried out in Deliverable 3 a: Chemicals applied as liquid.  

Appendix III relates to the work carried out in Deliverable 3 b: Chemicals applied as wipes. 

Appendix IV relates to the work carried out in Deliverable 4: Best practice.  

Appendix V relates to the work carried out in Deliverable 5: Verification. 

Appendix VI relates to the work carried out in Deliverable 6: Vacuum packer cross contamination. 

Appendix VII relates to the 2nd experiment carried out in Deliverable 6 b: Vacuum packer internal cross 

contamination x 2. 
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1 STATEMENTS 
 

1.1 Use and interpretation of reports or statements issued by Campden BRI 

Campden BRI welcomes references to the work it undertakes however for legal reasons we have to 

make certain requests: 

 This report shall not be reproduced except in full without written approval from Campden 

BRI.  

 The Client shall not at any time make use of any report or statement issued by Campden 

BRI nor any extract there from, nor refer to the fact that any product or process has been 

the subject of a Contract with Campden BRI in any publication or publicity material without 

the express written approval from Campden BRI. 

 Unless this report includes an explicit statement of compliance/non-compliance with a 

requirement and/or specification, no such statement should be inferred.  

 Unless this report includes an explicit statement to the contrary, results reported relate only 

to the items tested.  

 

1.2 Use of the Campden BRI logo 

Use of the Campden BRI logo is prohibited without prior written approval from Campden BRI.  

 

1.3 Information and advice 

Information emanating from Campden BRI is given after the exercise of all reasonable care and skill in 

its compilation, preparation and issue but is provided without liability in its application and use. 

 

Any opinions and interpretations provided by Campden BRI are not provided under the auspices of any 

third party certification or accreditation.  

 

1.4 Terms and conditions 

Unless otherwise expressly agreed in writing and signed by a duly authorised representative of 

Campden BRI, the services to which this report pertains are subject to the Campden BRI Standard 

Terms and Conditions of Contract a copy of which is available upon request or can be downloaded 

from our website at www.campden.co.uk/campdenbri/terms. 
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2 BACKGROUND AND AIMS 
In response to the FSA call to carry out testing of food businesses’ proposed alternative controls, which 

could be equally as (or more) effective in controlling the risk from Escherichia coli O157:H7 as the FSA 

guidance on the separate use of complex equipment, Campden BRI submitted a proposal which 

included research into the alternative methods of decontamination of such complex equipment.  

 

During a survey carried out on several food businesses by an external research company on behalf of 

the FSA, the following cleaning/disinfection approaches were mentioned as ‘alternative’ controls to the 

use of dual equipment1:  

 

In relation to mixers, vacuum packers, over-wrappers, scales and slicers which can be dismantled, 

potentially safe alternatives used the following: 

 Removal of food debris using single use sanitised cloths or vigorous rub under hot water.  

 Heat disinfection – Submergence in hot water or placing in a dishwasher at a temperature of 

60 °C or higher. 

 Chemical disinfection – either submerging parts in a recommended dilution of liquid disinfectant 

for a recommended period of time or applying a sanitiser/disinfectant to the surface e.g spray.  

 Some businesses used the ‘double clean’ method – using a sanitiser to clean, followed by a 

wipe with a single use cloth and then sanitised again. 

 

In relation to the cleaning/disinfection of temperature probes the survey suggested the potentially safe 

alternatives used the following: 

 After use, wipe with sanitiser/antibacterial wipes 

 Placement in boiling water and clean with detergent  

 Apply sanitiser again either e.g. wipe or spray  or allow to sit in liquid sanitiser for recommended 

period of time 

 Sanitise again, immediately before next use 

 

In relation to drying stage – businesses used a variety of approaches including air drying, paper towels, 

and single use cloths (Air drying is the official recommended method if the equipment is hot (e.g. after 

hot dishwasher) and the area is clean and free form aerial contamination. There is a risk that wet 

equipment might be put away if people are in a hurry).  

 

The study, carried out by the Policy Studies Institute (PSI), stated that “While some businesses 

reportedly followed each of these multiple steps, others only followed some steps and could not 

                                                
1 PSI (2013) Small food businesses’ proposed alternative controls to the separate use of complex equipment, to 
control the risk from E. coli O157, p 1-76 
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therefore be described as adhering strictly to potentially ‘safe’ practices. It should also be noted 

practices that are reported, and those that are actually followed may diverge, particularly in the context 

of busy environments. If each of these stages is followed carefully they may represent a safe 

‘alternative’ approach to complete separation and therefore warrant testing in a laboratory setting2.” 

 
Further to the alternative cleaning/disinfection method controls suggested by the participants, survey 

respondents also expressed a concern as to whether vacuum packers present a cross-contamination 

risk when used for the dual packing of raw and ready-to-eat products.  

 

Research was carried out to determine the inactivation kinetic parameters that can be achieved using 

heat (both dry and wet) and chemicals (quaternary ammonium compounds (QAC), chlorine based and 

wipes) on surfaces inoculated with E.coli O157:H7. Best practice and verification methods were also 

investigated in relation to the alternative methods suggested. Investigations were also carried out to 

assess the cross contamination risks that occurs both externally from pack to pack and internally from 

contaminated areas of the vacuum packer that are hard to reach/clean. 

 
3 METHODS 
 

The alternative methods, proposed by food business operators, outlined the use of heat disinfection 

and/or chemical disinfection to decontaminate complex pieces of equipment. Efficacy, best practice 

and verification methods were investigated in relation to the alternative methods suggested. Research 

was also carried out to assess the cross contamination risks between vacuum packers and food items.  

3.1 Comparison of toxigenic and non-toxigenic Escherichia coli O157:H7  

Studies were carried out to ensure that non-toxigenic Escherichia coli O157:H7 was suitable for use in 

the practical studies.  

D-values of representative examples of Escherichia coli O157:H7 toxigenic and non-toxigenic strains 

attached to stainless steel discs were determined using both moist and dry heating at a single process 

temperature. These experiments provided comparative data on the thermal inactivation of these strains 

under each heating condition, allowing subsequent use of non-toxigenic E.coli O157:H7 for the 

remaining heating studies (further details in Appendix I).  

Research was also carried out to determine if E. coli O157:H7 toxigenic and non toxigenic strains had 

similar resistance under treatment with chemical disinfectants (further details in Appendix II).     

                                                
2 PSI (2013) Small food businesses’ proposed alternative controls to the separate use of complex equipment, to 
control the risk from E. coli O157, p 1-76 
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3.2 Thermal disinfection  

3.2.1 Thermal disinfection efficacy  

D- and z-values for E. coli O157:H7 attached to stainless steel surfaces exposed to either dry or moist 

heating were determined. These data allow calculation of time and temperature combinations required 

to provide a specific reduction in this organism when attached to stainless steel.  Sterile stainless steel 

discs (2 cm) with grade 2 finish on both sides were used to simulate stainless steel surfaces in this 

study. The discs were inoculated with known amounts of non-toxigenic E. coli O157:H7 and inoculum 

was allowed to dry at controlled humidity for 3 days.  Inoculated discs were then subjected to dry and 

moist heat treatments as shown in Table 1. The interference of various substances such as protein and 

fats, both common in a food business operator’s (FBO’s) premises were not assessed. Levels of 

protein and fat are known to increase microbial heat resistance when heated in foods3.  Different 

soilants will effect heat resistance to varying degrees and therefore the scope of this research was 

restricted to  baseline heat resistance data on these organisms attached to stainless steel surfaces in 

the absence of soilants.   However, it is standard industry practice to remove physical debris before 

commencing any disinfection process.   

 

Table 1: Treatment temperatures used for both wet and dry heat treatment on stainless steel. 

Dry heat (oC) Wet heat (oC) 
65 45 
75 50 
85 55 
95 60 
105 65 

 

 

A D-value of E.coli O157:H7 was carried out using moist heating at 50°C on a plastic surface of a type 

commonly used in the food industry. Comparison of this data with data obtained for this organism 

treated under identical conditions on stainless steel was used to determine whether surface type has 

an influence on the thermal inactivation E. coli O157:H7 (Detailed description of work shown in 

Appendix I). 

 

3.2.2 Thermal disinfection best practice  

Using the results obtained from laboratory research into the thermal treatment of surfaces it was 

possible to draw up suitable best practice for the decontamination of applicable surfaces. The research 

was split into stages: The first stage investigated the practicalities of the methods suggested and the 

second stage developed best practice information as a result of this, combined with the laboratory 

results.  

                                                
3 Gaze, J. E.  (2006) Pasteurisation: A food industry practical guide.  Campden BRI Guideline 51 (Second edition) 
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The practicalities of the methods suggested were observed. For example, suitable food contact 

surfaces were subjected to heat treatments of both wet (submergence in a heated water bath) and dry 

(oven heating) conditions to observe the advantages and limitations of the method. The main complex 

item used was a Lan Elec; 812 slicer. This item was disassembled and the parts were placed in a hot 

water bath set at 65.2°C and an oven at 93°C. Temperatures were chosen based on both the results of 

the kinetic D- and z- values obtained in the E.coli thermal treatment research and the readings that 

could be observed on available temperature indicator labels (Omega, non-Reversible TL-4 Range 

Series (77-93°C/170-200°F)). Data loggers were used to measure the surface temperature of the items 

and temperature indicator strips were also used to verify the surface temperatures reached. The 

machine consisted of both metal and plastic parts. Using the information observed and details from the 

research carried out into the inactivation kinetic parameters that can be achieved using heat (both dry 

and wet) and chemicals on surfaces inoculated with E. coli O157:H7, best practice information could be 

provided (more details in Appendix IV).  

3.2.3 Thermal disinfection verification  

To ensure surfaces reach a desired temperature, temperature indicator strips can provide a quick and 

cost effective verification tool. The accuracy of temperature indicator labels were investigated using a 

BSI Standard (BS 7908:1999: Packaging - Temperature and time-temperature indicators - 

Performance specification and reference testing). The labels were assumed to be equivalent of BS708 

Class 2 and the standard was carried out accordingly (more details in Appendix V)..  

 

3.3 Chemical disinfection  

3.3.1 Chemical disinfection efficacy  

As chemical disinfectants have been used for many years in food manufacturing and food service, their 

performance with respect to concentration, contact time, temperature and interfering substances on 

some organisms is well established.  The novelty in this work is in the use of E. coli O157:H7, which is 

not included with the range of organisms used in standard disinfectant tests, and the assessment of 

how it responds to disinfectants.   Investigations were carried out into chemical type, concentration, 

contact time and method of application required to provide a 4 log reduction (specified by EN13697 

criteria) of E. coli O157:H7 on suggested surfaces.  This research investigated the efficacy of 

chemicals and the method of application (e.g. liquid and wipes) using the principles of the European  

disinfectant surface test EN 13697:2001. 

 

The chemicals used in disinfection can be broadly described as either non oxidisers such as 

Quaternary Ammonium Compounds (QAC) or oxidisers such as chlorine based chemistries. Their 

efficacy is governed by their concentration, contact time, temperature and presence of interfering 
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substances such as organic material. The chemicals investigated were commercially available to the 

food service sector and included a Quaternary ammonium based compound (QAC – Benzalkonium 

chloride (BKC) and a Chlorine based compound (Sodium Hypochlorite (ClO-).  

 

The research aimed to ensure that when used optimally a 4 log reduction in E. coli O157:H7 on 

different surfaces can be achieved and also provide information as to how deviation from the optimum 

will influence disinfection efficacy. It is important to remember that the numerous variables affect the 

efficacy of the chemical treatment. High and low ranges of variables (detailed in Table 2) were used to 

show the suitability of using the correct treatment to gain the desired result. Surfaces were inoculated 

with non-toxigenic E. coli O157:H7, in various levels of soil and removed using some of the variables 

shown in Table 2. Interfering substance levels of 3 g/L and 30g/L  were used to demonstrate the 

decrease in effectiveness of disinfectants in the presence of increasing amounts of organic material 

0.3, 3 and 30g/L; thus the importance of cleaning surfaces prior to their use (Detailed description of 

work shown in Appendix II). 

 

Table 2: Variables used during the chemical disinfection research. Also shown are 
recommended variables.  

Chlorine  QAC 

Concentration: 0.024–24%             

(~27 - 9200 ppm) 

Recommended: 2.4 %  

Concentration: 0.0125–12.5% or 

(~3.75 - 3750 ppm) 

Recommended: 1.25 %  
 

Contact time: 0.5 - 5 minutes 

Recommended: 5 minutes 

Contact time: 0.5 - 5 minutes 

Recommended: 5 minutes 

Temperature: 4 - 20°C)  

Recommended: Ambient (18 - 25°C) 

Temperature: 4 - 20°C 

Recommended: Ambient (18-25°C) 

Organic matter: 3 -150g/L BA 

Recommended: Clean (<3 g/L) 

Organic matter: 3 -150g/L BA 

Recommended: Clean (<3 g/L) 

Surfaces (stainless steel and plastic) Surfaces (stainless steel and plastic) 

 

There are currently no standard disinfection efficacy tests for disinfectant wipes and their use. Wipes 

were tested using the principles of EN 13697, but incorporating a mechanical motion to represent the 

wiping action used with these methods.  
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This research investigated the efficacy of disinfection wipes on temperature probe surfaces. The aim 

was to determine the effects of disinfection when wiping occurred (immediately after contamination or 

after contamination was dry), number of wipes, contact time after wiping, condition of wipes (wet/dry) 

and after immersion in a known alternative method of disinfection (recommended conditions of 

Chlorine, QAC or hot water).  

 

It is important to remember that the numerous variables affect the efficacy of the wiping treatment. High 

and low ranges of variables (detailed in Table 3) were used to show the suitability of using the correct 

treatment to gain the desired result. Surfaces were inoculated with non-toxigenic E. coli O157:H7, in 

various levels of soil and removed using some of the variables shown in Table 3. (Detailed description 

of work shown in Appendix III). 
 

Table 3: Variables used during the chemical wipe disinfection research. Also shown are 
recommended variables. 

Surface Alcohol Wipe QAC Wipe 

Temperature 

probes 

Number of wipes applied (1 - 2 ) 

Recommended: At least 2 

Number of wipes applied (1 - 2 ) 

Recommended: At least 2 

Wet or dry wipes 

Recommended: Wet 

Wet or dry wipes 

Recommended: Wet 

Organic matter (3 - 150g/L BA) 

Recommended: Clean (<3 g/L) 

Organic matter (3 - 150g/L BA) 

Recommended: Clean (<3 g/L) 

 

3.3.2 Chemical disinfection Best practice  

Using the results obtained from laboratory research into the chemical treatment of surfaces it was 

possible to draw up suitable best practice for the decontamination of applicable surfaces.  

 

3.3.3 Chemical disinfection concentration verification  

During chemical disinfection, the concentration of the solution can be easily verified using chemical test 

strips. Several rapid testing strip methods were used to test the concentration of both chlorine and 

Quaternary ammonium compound (QAC) solutions that may be used for disinfection purposes.  

Solutions of various concentrations of chemicals (Chlorine and QAC) were made up and tested using 

verification strips from various manufactures. The concentrations of chlorine (Sodium Hypochlorite 

(ClO-)) were also verified using analytical methods (ASTM D2022-89 (2008)). The concentrations of 

QAC (Benzalkonium chloride (BKC)) were determined using information from the manufacturer 
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(concentrations shown in Table 4 – (ClO- was measured analytically and indicates a slight deviation 

from percentage measured by hand) (more details in Appendix V). 

 
Table 4: Concentration of chemicals used (% and ppm)  

 Chlorine Concentration QAC Concentration 

 (%) ~(ppm) (%) ~(ppm) 

Undiluted 100 43400 100 30000 

10 times recommended 
solution 

24 9200 12.5 3750 

Recommended solution 2.4 1130 1.25 375 
1/10 of recommended solution 0.24 113 0.125 37.5 

1/100 of recommended 
solution 

0.024 27 0.0125 3.75 

Water 0 0 0 0 

 

3.4 Vacuum packer cross contamination studies  

Investigations of cross–contamination to the outer and inner surfaces of vacuum packed products was 

demonstrated via two methods: (More details in Appendix VI) 

3.4.1 External cross contamination  

External cross contamination was investigated using UV detectable microbial simulants (GlitterBug 

Potion, 240ml; Brevis Corporation) to represent contamination on a piece of meat. One piece of meat, 

heavily contaminated with the UV simulant, was placed in a vacuum bag and vacuum packed. The 

operator continued to pack 4 more pieces of meat after handling the 1st contaminated piece of meat. 

The operator changed gloves and then continued to pack 5 more bags of meat using the same method 

as before. The machine was not wiped down in between uses. An ultra-violet (UV) light (Revealite™; 

Cleanitise) was used to show the contamination transferred from the 1st contaminated meat onto the 

proceeding packaged products and operators gloves. This method was carried out using two different 

vacuum packing machines, of different sizes and ages relevant to food service, shown in Figure 1.  
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The inside of the machine was cleaned with alcohol wipes before vacuum packing a further 200 TSA 

discs. As a final test, 2 further TSA plates were opened and placed in the vacuum packer and exposed 

to the vacuum packing process (with no bag – Figure 2).  

 

4 RESULTS AND DISCUSSION  
 
4.1 Comparison of toxigenic and non-toxigenic Escherichia coli O157:H7  

The D-values determined for both toxigenic and non-toxigenic Escherichia coli were found to be 

comparable.  Whilst the heat resistance of the toxigenic strain is slightly higher than the non-toxigenic 

strain, this difference could easily be accounted for by the application of a margin of safety in the 

calculation of hold time required to produce a suitable log reduction.  The addition of such a margin of 

safety would be considered good practice in any case, as it would cover the effect of strain to strain 

variation in heat resistance of Escherichia coli O157:H7 (More details in Appendix I) 

 

There was found to be no practical difference between the susceptibility of non toxigenic E. coli 

O157:H7 and the toxigenic E. coli O157:H7 to each of the two disinfectants at the concentrations tested 

and under the obligatory test conditions. (More details in Appendix II). This verified the use of non-

toxigenic strains as suitable for this study. 

 
4.2 Thermal disinfection 

4.2.1 Thermal disinfection efficacy  

4.2.1.1 Dry heat treatment  
The D- and z-values calculated for Escherichia coli O157:H7 using dry heat are displayed in Table 5 

and illustrated in Figure 5.  D-values determined on stainless steel surfaces treated with dry heat were 

found to be considerably higher than might be expected for E. coli O157:H7 in a typical moist process.  

For example, the D-value of E. coli O157:H7 at 65°C in distilled water was found to be 0.05 minutes in 

a study by Spinks et al. (2006)4, compared with 136.8 minutes on stainless steel treated with dry heat.  

Furthermore, a moist process of 70°C for 2 minutes, applied to short shelf-life chilled foods, would be 

expected to achieve a >6 log reduction in E. coli, whereas these results show that on stainless steel 

surfaces treated with dry heat at 70°C, a hold time of 322 minutes would be required to produce the 

same log reduction in this organism. 

 

                                                
4 Spinks, T. A.,  Dunstan, R.H., Harrison, T., Coombes, P. and Kuczera, G. (2006) Thermal inactivation of water-borne 
pathogenic and indicator bacteria at sub-boiling temperatures, Water Research,  40, 1326 – 1332 
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Table 5: Dry heat D-values determined for Escherichia coli O157:H7 ATCC 43888 attached to 
stainless steel. 

Process temperature (°C) D-value (minutes) 

65 136.8 

75 35.1 

85 22.6 

95 8.7 

105 3.9 

z-value (C°) 27.1 

 

 
Figure 5: Dry Heat: z-value of Escherichia coli O157:H7 ATCC 43888 attached to stainless steel 

surfaces 

 

The D- and z-values calculated for E. coli O157:H7 using cells dried on to stainless steel surfaces  and 

then heated in water (moist heat) is displayed in Table 6 and illustrated in Figure 6.  The D-values were 

similar to those described by Spinks et al. (2006)5, when heated at 65⁰C. However, the z–value of 

21.8C° determined for this organism on stainless steel was only slightly lower than the z-value 

determined using dry heat (27.1C°).  This z-value is considerably higher than would be expected for 

this organism in a normal moist situation, where the z-value might be 5-7C°6. An explanation for this z 

value may be attributed to the fact that the organisms were dried on to stainless steel discs and would 

then experience a degree of sensitivity according to stresses related to the cellular wall rehydration 

during heating. Consequently the environmental conditions may be closer to dry heating as is reflected 

in the z value. We would err on the side of caution when extrapolating to the lower temperatures during 
                                                
5 Spinks, T. A.,  Dunstan, R.H., Harrison, T., Coombes, P. and Kuczera, G. (2006) Thermal inactivation of water-borne 
pathogenic and indicator bacteria at sub-boiling temperatures, Water Research,  40, 1326 – 1332 
6 Gaze, J. E. (2006) Pasteurisation: A food industry practical guide.  Campden BRI Guideline 51, Second edition 
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industrial use and would therefore only refer to the temperature/time combination of 65⁰C for 8.4 

seconds. 

 

Table 6: Wet heat D-values determined for Escherichia coli O157:H7 ATCC 43888 attached to 
stainless steel. 

Process temperature (°C) D-value (seconds) 

45 21.7 

50 10.5 

55 5.4 

60 3.4 

65 2.1 

z-value (C°) 21.8 

 

 
Figure 6: Moist Heat: z-value of Escherichia coli O157:H7 ATCC 43888 attached to stainless 

steel surfaces  
 

4.2.1.2 Wet heat treatment on plastic 
The effect of moist heating on Escherichia coli O157:H7, attached to either stainless steel or plastic 

surfaces was investigated. D-values at 50°C using moist heat on plastic and stainless steel discs were 

compared to assess the effect of surface-type on heat resistance of E.coli O157:H7 ATCC 43888.  D-

values were calculated to be 10.0 and 10.5 seconds on plastic and stainless steel surfaces 

respectively, showing that the heat resistance of the organism does not appear to differ greatly when 

attached to either of these surface types. 
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4.2.2 Thermal disinfection best practice  

4.2.2.1 Oven studies: Dry heat best practice  
The results of laboratory dry heat studies carried out (details in Section 4.2.1.1) show that the 

resistance of E. coli O157:H7 attached to stainless steel towards dry heat is very high compared to that 

in moist heat in foods or in wet conditions(details in Section 4.2.1.2).  

 

Dry heat best practice:  
Evaluate the suitability of the food contact item to the intended dry heat treatment. If the heat is likely to 

cause damage to the item this method is not suitable. 

Before use of a heat treatment the item to be treated must be clean and free from all food debris. This 

may be achieved using mechanical and/or chemical treatment (e.g detergent/surfactant).  

Parts of the equipment which come into direct contact with food shall be placed into an oven at 

temperatures and times shown in Table 7 or equivalent temperatures and time.  

It must also be noted that depending on the type of surface the time taken for the surface to come up to 

temperature must be taken into consideration and added to the total treatment time.  

The treatment can be verified using temperature indicator strips to ensure the surface reaches the 

specific temperature and then timed until the duration of holding time is met.  

 

Table 7: Holding time suggestions to reduce E. coli O157:H7 contamination on stainless steel 
using dry heat. 

Process temperature (°C) D- value 
(Minutes) 

Holding time to achieve a 4 log reduction 
(Minutes)*  

(in line with BS EN 13697:20017)* 
65 136.8 547.2 
75 35.1 140.4 
85 22.6 90.4 
95 8.7 34.8 
105 3.9 15.6 

*D-value, or decimal reduction time, in microbiology refers to the time required, at a given temperature, 
to achieve a 90% (or 1 log) reduction in the population of a given microorganism. To obtain a 4 log 
reduction the D-value was multiplied by 4.  

4.2.2.2 Hot water submergence: Wet heat best practice  
The results of laboratory wet heat studies carried out (details in Section 4.2.2) show that the heat 

resistance of E. coli O157:H7 attached to stainless steel towards wet heat is much lower compared to 

dry heat treatments (details in Section 4.2.1).  

 

                                                
7
 BS EN 13697:2001.  Quantitative non-porous surface test for the evaluation of bactericidal and/or fungicidal activity of 

chemical disinfectants 
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Wet heat best practice:  
Evaluate the suitability of the food contact item to the wet conditions. If water is likely to ingress into 

hard to reach areas or damage is likely, this method is not suitable. 

Before heat treatment the item to be treated must be clean and free from all food debris. This may be 

achieved using mechanical and/or chemical treatment (e.g detergent/surfactant).  

If wet heat treatments are used to decontaminate stainless steel, these should follow the minimum heat 

treatment at holding times shown in Table 8 or higher. It must also be noted that depending on the type 

of surface the time taken for the surface to come up to temperature must be taken into consideration 

and added to the total treatment time.  

The treatment can be verified using temperature indicator strips to ensure the surface reaches the 

specific temperature and then timed until the duration of holding time is met.  

 

Table 8: Holding time suggestions to reduce E. coli O157:H7 contamination on stainless steel 
using moist heat. 

Process temperature (°C) D-value (seconds) Holding time to achieve a 4 log reduction 
(seconds)* 

 (in line with BS EN 13697:2001)8 
65 2.1 8.4 

*D-value, or decimal reduction time, in microbiology refers to the time required, at a given temperature, 
to achieve a 90% (or 1 log) reduction in the population of a given microorganism. To obtain a 4 log 
reduction the D-value was multiplied by 4.  

4.2.2.3 Overall thermal treatment best practice:  
Thermal treatment best practice:  
Hands should be washed prior to cleaning/disinfecting the equipment. 

Disassemble the equipment. 

Remove all food debris from the food contact item using single use sanitised cloths. Mechanical action 

and/or chemical treatment (e.g detergent/surfactant) can be applied to help remove any extra food 

debris. 

Parts of the equipment which come into direct contact with food shall be placed into an oven or heated 

water at temperatures and times shown in Tables 7 and 8 respectively, or higher/equivalent 

temperatures and times as calculated from wet and dry heat z-values. 

The time taken for the surface to come up to temperature must be taken into consideration and added 

to the total treatment time.  

If suitable, instead of using dry or wet heat, a dishwasher at a temperatures of 60°C or higher can be 

used to clean the food contact items. The time taken for the surface to come up to temperature must be 

taken into consideration and added to the total treatment time.  

                                                
8 BS EN 13697:2001.  Quantitative non-porous surface test for the evaluation of bactericidal and/or fungicidal 
activity of chemical disinfectants 
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The temperature of the surface of the equipment can be verified using temperature indicator strips. 

When the surface temperature has been reached, maintain the item at the correspondent time for that 

temperature.     

When the treatment time has been completed, remove the items from the oven or hot water safely and 

allow to cool on a clean, heat proof surface.  Wet items should be air dried or dried with disposable 

towels. 

Once dried or cooled the items should be reassembled with clean hands and moved to a clean area. 

 

4.2.3 Thermal disinfection verification  

All temperature indicator strips used in this study were commercial products and thus expected to 

perform as stated in their use instructions. The aim of this research was to investigate the reliability of 

verification methods, readily available to small businesses, for the purposes of monitoring the efficacy 

of E. coli O157:H7 decontamination techniques for food service equipment (Details of the verification 

report: Appendix V).  

 

The verification methods may be a good technique: 

 To monitor and record the disinfection practices used. 

 To assist during disinfection training. 

 To verify that the method is correct on changing operator or the disinfection method.  

 To validate chemical dosing when a disinfectant method is used for the first time.  

 

During the assessments of the temperature labels it was observed that the labels were a suitable 

method to verify the heat treatment achieved on surfaces during both wet and dry heat treatment. It 

was found that the labels tend to change colour when close to the threshold temperature (this change 

is usually quite slow). At or above the threshold temperature they tend to change faster. Some of the 

labels were reversible after the heat treatment indicating that they would not be suitable as proof of 

validation of a disinfectant method. It may be advisable to use photographic evidence if used for 

verification of results.  

 

The advantage of the thermal label method is that the operator does not require training as the method 

is quite straight forward.  

 

4.3 Chemical disinfection  
4.3.1 Chemical  efficacy applied as a liquid  

As shown in Appendix II there no practical difference between the susceptibility of the non toxigenic E. 

coli O157:H7 and the toxigenic E. coli O157:H7 to each of the two disinfectants at the manufacturer’s 

recommended concentration and two lower concentrations under the obligatory test conditions. Various 



Confidential report:   
 

Campden BRI (Chipping Campden) Limited – part of the Campden BRI group 
Station RoadChipping CampdenGloucestershireGL55 6LDUK 
Providing services under an ISO 9001 registered quality management system       23 / 39 
 

factors affect the efficacy of disinfectants such as concentration of chemical, contact time, interfering 

substances on the surface, temperature and surface type910. Research was carried out to assess 

whether E. coli O157:H7 (non toxigenic) responds to disinfectants as expected. 

 

The efficacy of the disinfectants were investigated using the principles of the European bactericidal 

surface test EN 13697:2001. Whilst the manufacturer’s recommended concentrations along with the 

tests obligatory parameters were tested, these parameters (disinfectant concentration, contact time, 

interfering substance concentration, temperature and the test surface) were altered to demonstrate the 

effects of deviating from the optimal use conditions. (Information on the variables used are shown in 

Table 2; Section 3.3.1). 

 
 
Table 9 (a)-(f): Results comparing QAC and chlorine using various parameters and variables as 
described below (Results shown are individual replicate resultsfor each test). 
 

KEY:  
PASS (meets the 4 log reduction 

EN13697 criteria) FAIL (fails 4log reduction EN13697 criteria) 

 
a) Parameters used: Surface: Stainless steel, Temperature: 20°C, Interfering substances: 

0.3g/L BA (clean), Time: 5 minutes  
 Variable: EN standard test strain and a Non-toxigenic strain of E. coli O157:H7  
 

  
 

QAC  Chlorine 

 
  log reduction log reduction 

Organism 
E. coli (EN Standard) 
Recommended  
  

>4.3 >5.1 
Disinfectant 
Concentration 
  

>4.3 >5.1 
>4.3 

>5.1 
Organism 

E. coli O157:H7 non Toxigenic 
Recommended  
  

>4.2 >4.3 
Disinfectant 
Concentration 
  

>4.2 >4.3 
>4.2 >4.3 

Legend Results are of 3 replicates per test 
 

                                                
9 Maillard, J-Y. 2012. Factors affecting the activities of Microbicides. In:. Eds Fraise, A. P. Maillard, J-Y. Sattar, S. 
A. eds Russell, Hugo & Ayliffes Principles and Practice of Disinfection,  and Preservation and Sterilization. Wiley-
Blackwell pp 71 
10 Staniforth, L. 2012. Evaluation of antimicrobial efficacy. In:. Eds Fraise, A. P. Maillard, J-Y. Sattar, S. A. eds 
Russell, Hugo & Ayliffes Principles and Practice of Disinfection, and Preservation and Sterilization. Wiley-
Blackwell pp 236 
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b) Parameters used: Strain: E. coli O157:H7 non toxigenic, Surface: Stainless steel, 
Temperature: 20°C, Interfering substances: 0.3g/L BA (clean), Time: 5 minutes  

 Variable: Disinfectant concentration  
 

  
 

QAC  Chlorine 

 
  log reduction log reduction 

 
 
Disinfectant 
Conc 
  

 
10 times recommended  
  

>4.2 >4.0 
>4.2 >4.0 
>4.2 >4.0 

1/10th  recommended QAC 
1/100th recommended ClO- 

>4.2 0.2 
2.3 0.3 

>4.2 0.7 
Legend Results are of 3 replicates per test 

 
c) Parameters used: Strain: E. coli O157:H7 non toxigenic, Surface: Stainless steel, 

Temperature: 20°C, Interfering substances: 0.3g/L BA (clean), Disinfectant Concentration: 
Recommended   

Variable: Time 
 

  
QAC  Chlorine 

  
log reduction log reduction 

 
  
 
Time 
  

 
1 minute 

3.1 1.7 
>4.2 1.0 
>4.2 0.7 

 
30 seconds 
  

1.5 1.4 
1.8 1.8 
1.9 1.6 

Legend Results are of 3 replicates per test 
d) Parameters used: Strain: E. coli O157:H7 non toxigenic, Surface: Stainless steel, 

Temperature: 20°C, Time: 5 minutes, Disinfectant Concentration: Recommended  
Variable: Interfering substances 

 

  
QAC  Chlorine 

  
log reduction log reduction 

 
 
  
 
Interfering 
substance 
  

 
3g/L  
  

2.7 >5.3 
2.2 >5.3 
3.3 >5.3 

 
30g/L  
  

0.9 0.7 
0.5 0.7 
0.8 1.3 

Legend Results  of 3 replicates per test 
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e) Parameters used: Strain: E. coli O157:H7 non toxigenic, Surface: Stainless steel, 
Interfering substances: 0.3g/L BA (clean), Time: 5 minutes, Disinfectant Conc: 
Recommended. 

Variable: Temperature 
 

  
 

QAC  Chlorine 
    log reduction log reduction 

 
Temperature 
  

 
4°C 
  

2.3 >5.5 
>4.0 >5.5 
>4.0 >5.5 

Legend Results  of 3 replicates per test 
 

f) Parameters used: Strain: E. coli O157:H7 non toxigenic, Temperature: 20°C, Interfering 
substances: 0.3g/L BA (clean), Time: 5 minutes, Disinfectant Concentration: 
Recommended.  

 Variable: Surface 
 

  
 

QAC  Chlorine 
    log reduction log reduction 

 
Surface 
  
 
 
  

 
Plastic 
(smooth) 
  
  

>4.0 >5.3 
>4.0 1.9 

>4.0 2.7 
 
Plastic (rough) 
  
  

>4.0 4.0 
>4.0 3.4 

>4.0 2.6 
Legend Results of 3 replicates per test 
Rough surface representative of textured surfaces and/or smooth surfaces that have been damage  

 

Table 9 (a) demonstrates that both strains of E. coli (EN standard test strain of E. coli and a non-

toxigenic strain of E. coli O157:H7) are susceptible to the disinfectants (>4 log reduction) when tested  

at their recommended concentrations under obligatory EN13697:2001 clean conditions.  

 
The use of higher than recommended disinfectant concentrations (Table 9 (b)) has no practical 

negative effect upon efficacy, however, the increased chemical concentrations have implications upon 

health and safety and may be incompatible with some materials such as mild steel.  The use of a more 

dilute disinfectant demonstrates that this does reduce the efficacy of the disinfectants with the chlorine 

based disinfectant (1/100th manufacturers recommended) not achieving the 4 log reduction required in 

3 out of 3 replicates and the QAC based disinfectant (1/10th manufacturers recommended) not 

achieving the 4 log reduction in 1 out of 3 replicates. Thus concentrations less than the recommended 

have an increased risk of failing to achieve a 4 log reduction.  Care needs to be taken to ensure that 

the correct disinfectant concentration is achieved. 

 



Confidential report:   
 

Campden BRI (Chipping Campden) Limited – part of the Campden BRI group 
Station RoadChipping CampdenGloucestershireGL55 6LDUK 
Providing services under an ISO 9001 registered quality management system       26 / 39 
 

Table 9 (c) shows that contact time has a significant effect upon disinfectant efficacy with a 5 minute 

contact time demonstrating a consistent >4log reduction for both disinfectants and a 30 second contact 

time at the concentrations tested demonstrating a consistent <2 log reduction. Disinfectants should 

always be left on a surface for their recommended contact time before being rinsed/wiped off. 

 

Increasing levels of organic matter/interfering substance, as shown in Table 9 (d), demonstrated a 

negative affect upon disinfectant efficacy. Surfaces should always be cleaned of food soiling prior to 

disinfection. 

 

Reduced temperature (4⁰C ±2 ⁰C) also demonstrated a negative effect upon efficacy, with 1 of the 

replicates for the QAC disinfectant failing (Table 9 (e)).  In high care areas of the food industry (low 

temperature approximately 10ºC) disinfectants are often applied for increased contact times e.g. 20 

minutes.  

 

The plastic smooth surface used was typical of clear plastic used in machine shielding.  In the 

experiments a degree of hydro-phobicity was noted and this may explain the two Chlorine based 

failures on this surface (Table 9 (f)). It was noted that when applied to a rough plastic surface the 

wetting action of the QAC disinfectant gave a more complete coverage and this is reflected in the 

results with QAC meeting the 4 log reduction criteria on all surface tested and the Chlorine based 

disinfectant having a range of log reductions from 2.6 to 3.95. 
 

4.3.2 Chemical disinfection applied as a liquid best practice  

Results shown in Table 9 (a) – (f) indicate that the disinfectants tested controlled E. coli on stainless 

steel (defined as passing the disinfection test) at its manufacturer’s recommended concentration and 

under the obligatory conditions of the BS EN 13697:2001 test: (contact time 5 minutes; temperature 18 

- 25°C and  clean conditions 0.3 g/L BA. Both worked well at a 10 times strength of the recommended 

concentration and showed loss of effectiveness at lower than recommended dilutions. Shortening 

contact times (<5 minutes), lowering temperatures (4°C) and increasing interfering substance 

concentrations were shown to have a negative effect upon the disinfectants efficacy   

 
The results in Table 9 show that Escherichia coli O157:H7 attached to stainless steel and plastic can 

be reduced by more than 4 logs when treated under the correct conditions  
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4.3.2.1 Chemical disinfection best practice:  
Chemical disinfection best practice:  
Hands should be washed prior to cleaning and disinfecting the equipment. 

Disassemble the equipment as much as possible 

Before use of any disinfection treatment, the item to be treated must be clean and free from all food 

debris. This may be achieved using mechanical and/or chemical treatment (e.g detergent/surfactant).  

Evaluate the suitability of the food contact item to the treatment conditions; If the method is likely to 

damage the article an alternative method should be sought.  

Ensure the disinfectant selected is suitable for the surfaces to be disinfected.  

Once the contact time has passed the disinfectant can be rinsed off using clean (potable) water.  

The item can be dried using air drying methods, or disposable towels. 

Once dried the items should be reassembled with clean hands and moved to a clean area. 

Disinfection of food contact areas can be undertaken with chemicals, providing they are suitable for 

such areas and meet the criteria of BS EN 1276 and/or BS EN 13697. 

Manufacturer’s instructions should be followed when using any chemical.   

Suitable training is important to ensure disinfection is carried out in the correct manner, for example 

using the correct concentrations, temperature and contact times.  

The chemical concentrations can be verified using indicator strips to ensure the concentration applied 

to the surface is as desired.  

 

4.3.3 Chemical applied as a liquid concentration verification  

All chemical indicator strips used in this study were commercial products and thus expected to perform 

as stated in their use instructions. The aim of this research was to investigate the reliability of 

verification methods, readily available to small businesses, for the purposes of monitoring the efficacy 

of E. coli O157:H7 decontamination techniques for food service equipment (Details of the verification 

report: Appendix V).  

 

The verification methods may be a good technique: 

 To monitor and record the disinfection practices used. 

 To assist during disinfection training. 

 To verify that the method is correct on changing operator or the disinfection method.  

 To validate chemical dosing when a disinfectant method is used for the first time.  

 

Rapid chemical testing strips were assessed for their suitability to test the concentration of a 

disinfectant solution. They were found to be quite accurate as long as the correct detection level strip 
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was used. These results may vary depending on the type of chemical method used and recommended 

concentration suggested. Photographic evidence could be used if required for verification of results.   

 
The disadvantage of this method is that it requires the operative to be able to assess and understand 

the chemical concentrations required and choose the correct detection level of test strip.  For example, 

being able to calculate the level of the active ingredient (HOCl or QAC) in the manufacturer’s 

recommended in-use concentration in parts per million (ppm) from the manufacturer’s stated in-use 

concentration as a percentage dilution.  

 

4.3.4 Chemical disinfectant wipe efficacy  

The research in this study investigated the efficacy of sanitising wipes on temperature probe surfaces. 

The aim was to determine the level of disinfection when wiping occurred (immediately after 

contamination or after contamination was dry), number of wipes, contact time after wiping, condition of 

wipes (wet/dry) and after immersion in a known alternative method of disinfection (Chlorine, QAC or hot 

water) (more details in Appendix III for).  

 
Table 10: Results of efficacy of wipes against a visibly dry challenge of E. coli Non toxigenic 
O157:H7 ATCC 43888 

Interfering substance level Active Treatment 
Mean Log of 
bacteria left 

on probe 
Reduction 

     

30g/L Bovine albumin 
solution 

Control 0 wipe 3.31 NA 

Alcohol 
1 wipe 3.34 -0.03 
2 wipes 3.11 0.2 

QAC 
1 wipe 3.29 0.02 
2 wipes 2.75 0.56 

     

150g/L Bovine albumin 
solution 

Control 0 wipe 5.34  
 1 wipe 4.23 1.11 

alcohol 2 wipes 4.33 1.01 
 

QAC 
1 wipe 3.74 1.6 
2 wipes 3.13 2.21 

Legend: 
Results are means of 3 replicates. 
Increase in log recovery compared to the control is within experimental variation (<0.5 log) 
30g/L BA is 10 times the dirty surface conditions in EN13697:2001, 150g/L BA is the maximum BA 
concentration in solution and represents the worst-case interfering substance scenario achievable in 
this method  
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Table 11: Summary of results from efficacy of wet and dry disinfectant wipes. 

Interfering substance 
level 

Condition 
of wipe Active Test  

Mean Log 
of bacteria 

left on probe 
Reduction 

 NA Control 0 wipe 6.45 NA 

150g/L Bovine albumin 
solution 

Wet  
Alcohol 

1 wipe 4.35 2.11 
2 wipes 3.74 2.71 

QAC 
1 wipe 3.98 2.47 
2 wipes <2.79 >3.66 

Dry  

Alcohol 1 wipe 4.26 2.19 
 2 wipes 4.01 2.45 

QAC 1 wipe 3.96 2.49 
 2 wipes 3.23 3.23 

Tissue 1 wipe 3.68 2.77 
 2 wipes 4.19 2.27 

Legend: 
The wet results are from the means of duplicate tests containing 3 replicates 
Results are means of 3 replicates 
Increase in log recovery compared to the control is with experimental variation (<0.5 log) 
150g/L BA is the maximum BA concentration in solution and represents the worst-case interfering 
substance scenario achievable in this method  

 
Table 12: Summary of effect of contact time upon efficacy 

Interfering substance level 
Additional 

contact 
time (after 

wipes) 
Active Test 

Mean Log of 
bacteria left 

on probe 
Reduction 

150g/L Bovine albumin 
solution 5min 

control 0 wipe 5.73 NA 

alcohol 
1 wipe 3.08 2.65 
2 wipes <2.54 >3.19 

QAC 
1 wipe 3.00 2.73 
2 wipes 1.52 4.21 

Legend 
Results are means of 3 replicates 
150g/L BA is the maximum BA concentration in solution and represents the worst-case interfering 
substance scenario achievable in this method  

 
Table 13: Summary of efficacy of immersion of contaminated probes into treatments 

Interfering substance level Treatment after dry wipe Mean Log of bacteria 
left on probe Reduction 

150g/L Bovine albumin solution 

Control 5.5 NA 
5min ClO- <1.2 >4.3 
5min QAC <1.4 >4.1 

2min 
80⁰C ±2 ⁰C Water <1.2 >4.3 

Legend 
Results are means of 3 replicates 
150g/L BA is the maximum BA concentration in solution and represents the worst-case interfering 
substance scenario achievable in this method  
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The results, shown in Table 10, indicate that when the challenge (inoculum) was dried onto the probe 

surface the removal was minimal (<1 log reduction). During the comparison of wet (new from container) 

and dry (dried at 37⁰C±1⁰C) wipes, there also appeared to be little difference between the log 

reductions achieved (Table 11). For both wet and dry wipes the alcohol did appear to be consistently 

less effective than the QAC wipes this may be due to the lack of a cleaning surfactant in the alcohol 

wipes for the wet wipes and the evaporation of the active (alcohol is more volatile than QAC) for the dry 

wipes.  The inclusion of tissue paper (dry) demonstrated that a significant amount of removal may be 

due to mechanical removal from the probes. 

 
Results shown in Table 12 indicate that whilst there appears to be a small improvement in log reduction 

achieved when wet disinfectant wipes are used upon a wet challenge and left for a contact time of 5 

minutes compared with previous results (Table 11) it is unclear the significance of this difference and 

further testing would be required to confirm. 

 
Table 13 indicates that based upon the results of immersion in a disinfectant at a concentration that 

would meet the EN13697:2001 criteria or hot water, demonstrated a mean log reduction of greater than 

4 log reductions.  

4.3.5 Chemical disinfectant wipe best practice  

4.3.5.1 Sanitiser wipes 
There is currently no standard test that simulates the physical removal of dirt or microbes by wipes. 

Most tests are carried out on the disinfectant within the wipe via suspension tests, although some 

wipes may be tested via a wiping action on inoculated surfaces.  

 

Best practice recommends that surfaces should be physically clean prior to disinfection in order for any 

disinfectant to be effective. To provide more effective disinfectant of probes, they should first have food 

debris removed. This may be achieved using mechanical and/or chemical treatment (e.g 

detergents/surfactant), before either wiping with a disinfectant wipe (if a reduction of 3 log (99.9%) is 

acceptable) or dipping in a recommended concentration of a chemical disinfectant or hot water for a 

suitable contact time (if a reduction of >4 log (99.99%) is required). The probe can then be wiped with a 

disinfectant wipe before allowing to air dry. Suitable training is important to ensure disinfection is 

carried out in the correct manner, for example; correct storage of the wipes so that they do not dry out 

and not re-using the same wipe. 

 

The research provides no evidence that disinfectant wipes alone result in a 4 log reduction of E. coli. 

Therefore, wipes could be used as a risk reduction method for the removal of food residue with some 

microbial load reduction. However, wipes should not be used as a control for E. coli O157:H7. Best 

practice advice would be to disinfect probes using wipes straight after a contamination incident. It 
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would be suggested that wipes are only appropriate for use between products of the same nature (for 

example only between raw foods). A further step should be used to disinfect when probing RTE 

products after probing raw products. This may involve hot water or chemical submergence and probes 

should always be wiped again if they have not been used for some time prior to probing foods.   

4.3.5.2 Sanitiser wipes: Best practice 
Wipes best practice: 
When disinfecting probes, wipes should be used straight after the use of the probe (optimum time of 

use).  

The probe should be given one wipe to remove debris and then wiped with a second clean wipe to 

sanitise. The probe should be stored in a clean area between uses and sanitised again before further 

use. 

 

If a probe is to be used for probing RTE products following the probing of raw products, it must first be 

cleaned of food debris (using mechanical and/or chemical treatment such as detergents or surfactants) 

before being disinfected via heat (immersion in hot water (>80ºC) or dish-washed at (60°C) or 

immersing in chemical disinfectants at the manufacturers recommended concentration and contact 

time. 

 

To maintain their effectiveness the following key points should be considered;  

Wipe manufacturer’s instructions for storage guidance (where to store and length of storage life) 

Stock rotation and age of wipes to ensure they have not dried out or expired.  

The risk of cross contamination from the exterior of containers/packets in which the wipes are stored.  

 

Ensure all staff who will use wipes have received training on how and when to use them to help 

guarantee consistency and efficacy of use in practice. 

4.4 Vacuum packer cross contamination studies  

4.4.1 External cross-contamination:  

The spread of the UV simulant was visible under UV light conditions and in the images shows up as 

illuminated areas. Figures 7 and 8 respectively, show the contamination that was visible on the control 

panel and chamber area of both machines, after packing the initially contaminated product. Figure 9 

shows the contamination on the gloves after vacuum packing 1 contaminated item followed by 4 

consecutive items and then; after changing gloves and continuing to pack 5 further items. These results 

show that contamination that is passed onto a surface, can spread on to clean hands/gloves from a 

previous contamination event.  
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Table 14 details the results and comments on the contamination spread from 1 initial heavily 

contaminated piece of meat (sample number 1), followed by proceeding packets of clean product 

(sample numbers 2-5). The operator changed gloves and continued to pack items (sample numbers 6-

10). Sample numbers 1-5 appeared heavily contaminated with the UV simulant. When the operator 

changed their gloves the contamination was visibly lower, though still present. The operator’s replaced 

gloves (Figure 9 b) had most likely been re-contaminated via contact with the exterior surfaces and the 

control panel of the vacuum packers (Figures 7). This contamination was then evident on the 

subsequent packed product and bags (Table 14: sample 6-10). The spread of the UV simulants 

represents the contamination that may occur after vacuum packing a contaminated piece of raw meat. 

The further samples packed (Table 14: samples 2-10) represent the cross contamination that can occur 

when the machine has not been thoroughly cleaned between use. Figure 9 (b) represents the 

contamination that can spread onto operators gloves/hands when using a contaminated machine. The 

results indicate that if an item, heavily soiled with microorganisms, was packed and a cleaning step 

was not suitably carried out afterwards, there is the potential for the spread of contamination from the 

machine onto subsequent items packed in the machine.   

 

The contamination, if somewhat small, on the subsequently packed products following the initial soiling 

event, represents the spread of E. coli O157. It is well known that even low levels of E. coli O157 

contamination could result in serious public health risks if there were to be contamination of ready-to-

eat food. 
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4.4.2 Internal cross contamination  

Serratia marcescens was firstly inoculated onto the suction pipe manifold and suction pipe (Figure 3 (a) 

and (b) respectively). This area is where air exits and enters the chamber during a vacuum packing 

event. The results in Table 15 indicate that 4 packed agar discs, out of the first 50 bags packed, were 

contaminated by the initial inoculation. These results indicate that if an item highly contaminated with 

E. coli O157 was packed in the machine, and this contamination reached the difficult to clean parts 

such as the exhaust manifold or exhaust tube, this has the potential to spread to subsequent products 

packed in the same machine. There appeared to be no further cross contamination after sample 

number 49. This may be due to the nature of the area in which the Serratia marcescens was 

inoculated, as the air entering and exiting the chamber may have desiccated the inoculation, either 

resulting in a loss of inoculum viability or preventing it from spreading further. 

 

Inoculation of the air outlet cover plate and the inner surfaces of each gas flushing nozzle (Figure 4 (a) 

and (b) respectively) did not seem to cause further cross contamination. This suggests that the gas 

flush nozzles, even when heavily contaminated, may not cross-contaminate product being packed 

when gas pack flushing is not in use. 

 

Table 15: Results of vacuum packer cross contamination study. 

Sample numbers Result API Confirmation top match 

Start control plate 1  Negative - 

Start control plate 2 Negative - 

1-3 Negative - 

4 Positive Serratia marcescens 

5-14 Negative - 

15 Positive Serratia marcescens 

16 Negative - 

17 Positive Serratia marcescens 

18-48 Negative - 

49 Positive Serratia marcescens 

50-300 Negative - 

End control plate 1  Positive Serratia marcescens 

End control plate 2 Negative - 

 

The final control agar plate (no bag) placed in the chamber did however show a positive result (Table 

15; End control plate 1). This suggests that the contamination was still viable in the chamber although 

not reaching the inside of the packages.  
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The internal cross-contamination studies were carried out aseptically, wherein the operator did not 

come into contact with the packaged agar discs. However, if the results of the external cross-

contamination studies were taken into account and the operator was also handling the product when 

the chamber is also contaminated (as shown in Table 15; End control plate 1) then this again increases 

the risk of cross-contamination to the internal surfaces and contents. Also, when the chamber shows 

contamination this is likely to be transferred onto the outer surface of the packaging and thus the 

operator’s hands/gloves, which can then transfer onto the packaged item as shown in the external 

cross-contamination results (Table 15). 

 

A separate study carried out on 2 new machines found no contamination that there was no 

contamination to the sealed products. There was, however, evidence to show that the chamber itself 

was contaminated. This may increase the risk of cross-contamination of the product (Appendix VII).  

  

The results of this research illustrate how bacteria, such as E. coli O157, that are invisible to the naked 

eye, can be easily spread to food without the operator’s realisation. These bacteria could cause serious 

public health issues. If food businesses handle raw food, which could be contaminated with E. coli 

O157, in the same area as ready-to-eat food, there will be a greater risk.  

 
5 CONCLUSION  
 

The alternative methods, proposed by food business operators, outlined the use of heat disinfection 

and/or chemical disinfection to decontaminate complex pieces of equipment. Research was carried out 

to determine the inactivation kinetic parameters that can be achieved using heat (both dry and wet) and 

disinfectant chemicals (quaternary ammonium compounds (QAC), chlorine based and wipes) on 

surfaces inoculated with E.coli O157:H7. Best practice and verification methods were also investigated 

in relation to the alternative methods suggested. Research was also carried out to assess the cross 

contamination risks between vacuum packers and food items. 

 

5.1 Thermal disinfection  
The research found that the thermal inactivation of E. coli O157:H7 attached to stainless steel surfaces 

is linear and thus the D- and z-values calculated using both dry and moist heating can be used to 

predict reduction in this organism on stainless steel surfaces expected at given times and 

temperatures. As observed for Salmonella spp. in current research (current Campden BRI project 

number 128882) the D-values observed for surface-attached E.coli O157:H7 on exposure to dry heat 

treatments were much higher than D-values observed for moist heating. The D-value of E. coli 

O157:H7 at 65°C on stainless steel using dry heat was 136.8 minutes as opposed to 2.1 seconds using 

moist heating. This means that to receive a 4 log reduction in E. coli O157:H7 on stainless steel with 
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dry heat at 65°C the item would need to be heated for approximately 547 minutes as opposed to 8.4 

seconds with moist heating at the same temperature.  

 

The results obtained allowed the development of best practice procedures for thermal disinfection of 

equipment. Correct training on disinfection protocol is essential. A protocol may differ between parts of 

the equipment. Verification of thermal disinfection methods can be easily carried out using temperature 

indicator labels widely available on the market. It was observed that these labels were a suitable 

method to verify the heat treatment achieved on surfaces during both wet and dry heat treatment. 

Some of the labels were reversible after the heat treatment indicating that they would not be suitable as 

proof of validation of a disinfection method. It may be advisable to use photographic evidence if used 

for verification of results. The advantage of the thermal label method is that the operator does not 

require training as the method is quite straight forward. 

5.2 Chemical disinfection  
5.2.1 Chemical applied as a liquid  

The research found that QAC controlled (passed the disinfectant test) E. coli on stainless steel at its in-

use manufacturer’s recommended concentration and under the recommended conditions of the BS EN 

13697 test: contact time (5 minutes); temperature (20°C) and visibly clean surfaces (0.3 g/L BA). 

Chlorine also controlled E. coli on stainless steel at its in-use manufacturer’s recommended 

concentration and under the recommended conditions of the BS EN 13697 test: Contact time (5 

minutes); Temperature (20°C) and visibly clean surfaces (0.3 g/L BA). Outside these recommended 

conditions both chemicals showed certain weaknesses on the stainless steel surfaces. This research 

highlights the importance of using the manufacturer’s recommended conditions to achieve the best 

results in regard to removal of E.coli. When using chemical methods the smoothness of the surface 

and hydrophobicity must be taken into consideration to assure the chemical treatment can achieve a 

suitable contact with the surface.  

 

The results obtained allowed the development of best practice guidance. It is important to follow the 

manufacturer’s advice for disinfection. (This relates to both chemical and surface suitability). Correct 

training on disinfection protocol is essential. A protocol may differ between parts of the equipment. 

 

Verification of concentration of the cleaning chemicals can be carried out using rapid chemical testing 

strips widely available on the market. It was observed that these labels were a suitable method to verify 

the concentration of a cleaning chemical; however it may require further training to ensure the user 

understands the testing method and uses the correct detection level. The efficacy may also depend on 

the type of chemical method used and recommended concentration suggested.   
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5.2.2 Chemical disinfectant wipes  

There is currently no standard test that simulates the physical removal of dirt or microbes by wipes. 

Most tests are carried out on the disinfectant within the wipe via suspension tests, although some 

wipes may be tested via a wiping action on inoculated surfaces. Best practice recommends that 

surfaces should be physically clean prior to disinfection in order for any disinfectant to be effective. 

Suitable training is important to ensure cleaning is carried out in the correct manner, for example; 

correct storage of the wipes so that they do not dry out and not re-using the same wipe.  

 

The use of wipes appears to have a physical removal action with a minor disinfectant action. The 

volume of disinfectant applied to each surface using a wipe appears to be very low and, if in frequent 

use, the disinfectant may not have sufficient contact time with the surface. When the probe was given a 

contact time of 5 minutes after the application of the disinfectant wipe, there was an increase in 

achieved mean log reduction however; further work needs to be performed to demonstrate if this is 

significant (Detailed information in Appendix III). 

 

The research provided demonstrates that the disinfectant wipes alone do not result in a >3 log 

reduction of E. coli on probe surfaces. Therefore, wipes could be used as a risk reduction method for 

the removal of food residue with some microbial load reduction; however, they should not be used as a 

control for E. coli O157:H7 when used in raw and RTE products.  

Best practice advice would be to disinfect probes using wipes straight after a contamination incident. It 

would be suggested that wipes are only appropriate for use between products of the same nature (for 

example only between raw foods). A further step should be used to disinfect when probing RTE 

products after probing raw products. This may involve hot water or chemical submergence and probes 

should always be wiped again if they have not been used for some time prior to probing foods.  

 
5.3 Vacuum packer cross contamination studies  

During the external cross contamination studies, UV simulants were used to represent a contamination 

event and the spread that can occur following packing of one heavily contaminated product. It was 

observed that the operator can spread contamination from product to gloves and then to contact 

surfaces such as lid, handle, control panel and outer and inner bags. Even when gloves are replaced 

with a clean pair, the contamination was still spread to subsequently packed products. During internal 

cross-contamination studies, the machine was inoculated in different areas to assess the spread to 

internal products if the machine was contaminated in hard to reach/clean areas. Contamination was 

observed in 4 out of the first 50 bags packed (Table 15). This signifies the risk that is posed when 

machines are used for dual purposes such as raw and ready to eat (RTE) products. 
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The internal cross-contamination study was carried out aseptically, wherein the operator did not come 

into contact with the packaged agar discs. However, if the results of the internal cross-contamination 

studies were taken into account and the operator was also handling the product when the chamber is 

also contaminated (as shown in Table 15; End control plate 1) then this again increases the risk of 

cross-contamination to the internal surfaces and contents. Also, when the chamber shows 

contamination this is likely to be transferred onto the outer surface of the packaging and thus the 

operator’s hands/gloves, which can then transfer onto the packaged item as shown in Table 14. 

 

The results of this research illustrate how bacteria, such as E. coli O157, that are invisible to the naked 

eye, can be easily spread to food without the operator’s realisation. These bacteria could cause serious 

public health issues. If food businesses handle raw food, which could be contaminated with E. coli 

O157, in the same area as ready-to-eat food, there will be a greater risk.  

Theoretically it would be possible to reuse a vacuum packer for packing RTE products after packing 

raw products, but all internal and external vacuum packer surfaces would need to receive thorough 

cleaning and disinfection process.  This would require extensive dismantling of the machine, thorough 

cleaning and disinfection of all parts and rebuilding and testing the operation of the machine.  This is 

most unlikely, however, to be undertaken in practice. 
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MATERIALS & METHODS 
 
Microorganisms 
 
Two verocytoxin-negative reference strains of Escherichia coli O157:H7 were used in this study: 
 
Escherichia coli O157:H7 strain ATCC 43888, originally isolated from human faeces. 
Escherichia coli O157:H7 strain NCTC 12900 
 
One verocytotoxin (VT1 and VT2)-positive reference strain of Escherichia coli O157:H7 was used in the 
study: 
 
Escherichia coli O157:H7 strain NCTC 12079, isolated from human faeces. 
 
 
Maintenance & growth of microorganisms 
Microorganisms were stored at <-80°C on preservative beads until required.  On each occasion that the 
organisms were required, a bead was removed from frozen stock and streaked onto a Tryptone Soya Agar 
(TSA, Oxoid, CM0131) plate.  Plates were incubated at 37±1°C for 24 hours and checked for purity and 
colony morphology.  Individual colonies were then used to inoculate Tryptone Soya Broth (TSB, Oxoid, 
CM0129). 
 
TSB broths were incubated for 24 hours at 37±1°C.  1mL aliquots of TSB culture were then dispensed onto 
the surface of 140mm TSA plates and spread using a sterile spreader.  TSA plates were incubated at 
37±1°C for 24 hours and bacterial growth was harvested by dispensing 10mL of 0.1% peptone onto the 
surface of each plate, loosening bacterial growth using a sterile spreader and collecting the subsequent 
bacterial suspension with a sterile 10mL pipette.  Bacterial suspensions from all such plates were pooled 
together and mixed thoroughly to create an inoculum.  
 
Preparation of stainless steel discs 
 
2cm diameter stainless steel discs 304 with grade 2 finish on both sides (Resurgem Engineering Ltd) were 
used to simulate stainless steel surfaces in the study. 
 
Prior to inoculation, discs were submerged in 5% Decon 90 solution (Decon Laboratories) for 60 minutes.  
They were then transferred into another container of sterile distilled water (SDW), rinsed for 10 seconds by 
agitation and then transferred into fresh SDW for a further 10 seconds.  Discs were immersed in iso-
propanol for 15 minutes and transferred to a laminar flow cabinet to dry.  Finally, discs were sealed in paper 
autoclave bags and autoclaved at 121.1°C for 15 minutes to sterilise. 
 
Preparation of plastic discs 
 
2cm diameter discs were cut from a sheet of plastic (conveyor belt material) and used to simulate plastic 
surfaces in the study.  Prior to inoculation, discs were autoclaved at 121.1°C for 15 minutes to sterilise. 
 
 
Inoculation of stainless steel or plastic discs 
 
Sterilised discs were laid out in 140mm petri dishes and 50µL of inoculum was applied to one surface of 
each disc using an automatic pipette.  Inoculum was dried onto discs at 30°C for 80 minutes and all discs 
were transferred to sealed boxes maintained at 33% relative humidity using MgCl2.    Discs were left in 
these boxes for 3 days at ambient temperature before heating. 
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Figure 2. Temperature measurement using thermal imaging 
 
Determination of moist heat resistance of Escherichia coli O157:H7 on stainless steel discs 
 
For each D-value determination, 30 x 30mL plastic universals containing 5mL of sterile distilled water 
(SDW) were placed into a rack and pre-heated to the desired process temperature in a laboratory water 
bath.  One tube was added which had a temperature probe inserted into the SDW to monitor the sample 
temperature.   At each time point, triplicate inoculated stainless steel discs were processed.  Due to the 
short time intervals involved, samples were processed one at a time. 
 
For each sample, a single inoculated stainless steel disc was transferred into a pre-heated tube containing 
5mL SDW using forceps so that the entire surface of the disc was immersed.  Once the hold time had 
elapsed, the entire contents of the sample tube were immediately emptied into a refrigerated 60mL sterile 
pot containing 5mL double-strength Maximum Recovery Diluent (dsMRD) and a single layer of sterile glass 
beads.  Discs were oriented such that the inoculated side was in contact with the glass beads and  samples 
were then agitated on an orbital shaker platform for ≥10 minutes to dislodge any surviving cells from the 
surface of the discs. 
 
 
Analysis of samples. 
 
For each sample, a serial dilution was created by transferring 1mL aliquots of sample and into further 9mL 
aliquots of MRD (Oxoid, EB0348D) and repeating this process for each successive dilution.  1mL aliquots 
of each dilution to be plated were transferred into duplicate petri dishes and ~20mL molten TSA was added 
to each plate.  Plates were swirled to mix inoculum with growth medium, allowed to set and then incubated 
at 37±1°C for 24 hours. 
 
In order to ensure the efficiency of recovery from each disc, the surface of each disc rinsed with 10mL MRD 
to remove residual bacterial suspension and then each disc was placed onto the surface of a TSA plate.   
100µL of MRD was then added to the surface of each disc and a pipette tip was used to scratch the discs 
to physically dislodge any remaining cells.  Plates were then over layered with further TSA, mixed, allowed 
to set, inverted and incubated at 37±1°C for 24 hours. 
 
After incubation, bacterial colonies on each plate were counted and used to determine the number of 
surviving microorganisms on each disc.   For each process temperature assessed, the log number of 
survivors per disc (log CFU/disc) was then plotted against time and D-value was calculated from the line of 
best fit through the data using linear regression analysis. 
 
Dry heat D-values were calculated at 65, 75, 85, 95 and 105°C.   
 
Moist heat D-values were calculated at 45, 50, 55, 60 and 65°C 
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Log D-value was plotted against process temperature and the z-value was determined from the line of best 
fit through the data using linear regression analysis. 
 
RESULTS & DISCUSSION 
 
Dry heat resistance of Escherichia coli O157:H7 attached to stainless steel surfaces 
 
Comparison of heat resistance of 2 non-toxigenic strains of Escherichia coli O157:H7 
 
Comparison of D-values on stainless steel surfaces using dry heat for E.coli O157:H7 strains ATCC43888 
and NCTC 12900 at 85°C gave values of 22.6 minutes and 21.1 minutes respectively.  Strain ATCC 43888 
was therefore selected for use in all further D-value determinations due to it’s slightly higher heat 
resistance. 
 
Determination of D- and z-values for E.coli O157:H7 ATCC43888 on stainless steel using dry heat 
 
The D- and z-values calculated for Escherichia coli O157:H7 using dry heat are displayed in Table 1. and 
illustrated in figure 3.  D-values determined on stainless steel surfaces treated with dry heat were found to 
be considerably higher than might be expected for E.coli O157:H7 in a typical moist process.  For example, 
the D-value of E.coli O157:H7 at 65°C in distilled water was found to be 0.05 minutes in a study by Spinks 
et al. (2006), compared with 136.8 minutes on stainless steel treated with dry heat.  Furthermore, a moist 
process of 70°C for 2 minutes, applied to short shelf-life chilled foods, would be expected to achieve a >6 
log reduction in E.coli, whereas these results show that on stainless steel surfaces treated with dry heat at 
70°C, a hold time of 322 minutes would be required to produce the same reduction in this organism. 
 
Table 1. Dry heat D-values determined for Escherichia coli O157:H7 ATCC 43888 attached to stainless 
steel. 

Process temperature (°C) D-value (minutes) 
65 136.8 
75 35.1 
85 22.6 
95 8.7 
105 3.9 

z-value (C°) 27.1 
 
 

 
Figure 3. z-value of Escherichia coli O157:H7 ATCC 43888 attached to stainless steel surfaces (dry heat) 
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Moist heat resistance of Escherichia coli O157:H7 attached to stainless steel surfaces 
 
 
Comparison of heat resistance of 2 non-toxigenic strains of Escherichia coli O157:H7 
 
Comparison of D-values on stainless steel surfaces using moist heat for E.coli O157:H7 strains 
ATCC43888 and NCTC 12900 at 60°C gave values of 3.4 seconds and 5.0 seconds respectively, showing 
that the heat resistance of these two strains is comparable.  Given their similar heat resistance properties, 
strain ATCC 43888 was therefore selected for use in all further D-value determinations due to its use in the 
dry heating and disinfectant trials. 
 
 
Determination of D- and z-values for E.coli O157:H7 ATCC43888 on stainless steel using moist heat 
 
The D- and z-values calculated for Escherichia coli O157:H7 using cells dried on to stainless steel surfaces 
and then heated in water (moist heat) are displayed in Table 2. and illustrated in figure 4.  The D-values 
were similar to those described by Spinks et al. (2006)1, when heated at 65⁰C. However, the z–value of 
21.8C° determined for this organism on stainless steel was only slightly lower than the z-value determined 
using dry heat (27.1C°).  This z-value is considerably higher than would be expected for this organism in a 
normal moist situation, where the z-value might be 5-7C°.   
 
 
Table 2. Moist heat D-values determined for Escherichia coli O157:H7 ATCC 43888 attached to stainless 
steel. 

Process temperature (°C) D-value (seconds) 
45 21.7 
50 10.5 
55 5.4 
60 3.4 
65 2.1 

z-value (C°) 21.8 
 
 

 
Figure 4. z-value of Escherichia coli O157:H7 ATCC 43888 attached to stainless steel surfaces (moist heat) 
                                                
1 Spinks, T. A.,  Dunstan, R.H., Harrison, T., Coombes, P. and Kuczera, G. (2006) Thermal inactivation of water-borne pathogenic 
and indicator bacteria at sub-boiling temperatures, Water Research,  40, 1326 – 1332 
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Comparison of the effect of moist heating on Escherichia coli O157:H7 attached to either stainless 
steel or plastic surfaces 
 
D-values at 50°C using moist heat on plastic and stainless steel discs were compared to assess the effect 
of surface-type on heat resistance of E.coli O157:H7 ATCC 43888.  D-values were calculated to be 10.0 
and 10.5 seconds on plastic and stainless steel surfaces respectively, showing that the heat resistance of 
the organism does not appear to differ greatly when attached to either of these surface types. 
 
Comparison of the effect of moist and dry heating on non-toxigenic and toxigenic Escherichia coli 
O157:H7 attached to stainless steel 
 
D-values of verocytotoxigenic-Escherichia coli NCTC 12079 (VT1 and VT2 positive) dried onto stainless 
steel discs were carried out using dry and moist heating.  Dry heating at 85°C gave a D-value for E.coli 
NCTC 12079 of 28 minutes.  The D-value previously determined for E.coli ATCC 43888 (non-toxigenic) 
was 22.6 minutes. 
 
Moist heating at 50°C gave a D-value for E.coli NCTC 12079 of 35.1 seconds.  The D50-value determined 
for E.coli ATCC 43888 for moist heat is 10.5 seconds.   
 
The D-values determined for both toxigenic and non-toxigenic Escherichia coli are comparable.  Whilst the 
heat resistance of the toxigenic strain is slightly higher than the non-toxigenic strain, this difference could 
easily be accounted for by the application of a margin of safety in the calculation of hold time required to 
produce a suitable log reduction.  The addition of such a margin of safety would be considered good 
practice in any case, as it would cover the effect of strain to strain variation in heat resistance of 
Escherichia coli O157:H7 
 
 
CONCLUSIONS 
 
The results of this study show that the heat resistance of Escherichia coli O157:H7 attached to stainless 
steel towards dry heat is very high compared to the moist heat resistance in foods.  For example, the D-
value of E.coli O157:H7 at 65°C in distilled water was found to be 0.05 minutes in a study by Spinks et al. 
(2006), compared with 136.8 minutes on stainless steel treated with dry heat.  Furthermore, a moist 
process of 70°C for 2 minutes, applied to short shelf-life chilled foods, would be expected to achieve a >6 
log reduction in E.coli, whereas these results show that on stainless steel surfaces treated with dry heat at 
70°C, a hold time of 322 minutes would be required to produce the same reduction in this organism. 
 
When heated under moist conditions, however, the D-values determined for this organism attached to 
stainless steel discs are considerably lower, in the range 21.7-2.1 seconds for process temperatures of 45-
65°C respectively.  The z-value calculated for E.coli O157:H7 on stainless steel surfaces was 21.8C°, 
which is very much higher than would be expected for this organism in a normal moist process (e.g. in 
phosphate buffer or water), where a z-value of 5-7C° would be considered typical.  Comparison of the D50-
values of E.coli O157:H7 attached to stainless steel and plastic surfaces showed that no difference in the 
resistance was evident between organisms dried onto each of these surface types. 
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SUMMARY 
Based upon the results shown in Tables 2 & 3 both disinfectants were shown to be effective when 
tested at the manufacturers recommended concentrations under the clean obligatory test conditions of 
0.3g/L Bovine Albumin, ambient temperature (22⁰C±3 ⁰C ), with a five minute contact time on stainless 
steel (EN13697:20011) against toxigenic and non toxigenic strains of Escherichia coli O157:H7. 
 
There was no practical difference noted in susceptibility between E. coli toxigenic O157:H7 NCTC 
12079 and E. coli non toxigenic O157 ATCC 43888 to 3 concentrations of each disinfectant type. 
 
Variations from the obligatory conditions were shown to have an effect upon efficacy. 
   
The variations studied in this work were disinfectant concentration, surface type, temperature, 
interfering substance concentration and contact time, which are listed and described in the results 
(Table 2). 
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INTRODUCTION 
 
Campden BRI were approached by the Food Standards Agency (FSA) and requested to provide 
supporting data for the FSA document control of cross contamination of Escherichia coli O157:H7. The 
work was designed to support the FSA stance that disinfectants be used at concentrations and under 
use conditions that would meet the requirements of EN 13697:20011.  Further more, it was stipulated 
that the disinfectants were to be commercially and readily available and commonly used in the food 
industry.  It was agreed that a Quaternary Ammonium Compound (QAC) specifically a Benzalkonium 
chloride (BKC) and a Chlorine specifically Sodium Hypochlorite based disinfectants would be used in 
testing as examples of those available to and commonly used by the food industry. 
 

Method 
 
PRODUCT DETAILS 
 

Campden BRI Sample Code Benzalkonium chloride based disinfectant (BKC)  DT53 
Sodium Hypochlorite based disinfectant (ClO-) DT55 

Name of the Product Undisclosed Product 
Batch Code Undisclosed 

Product Manufacturer Undisclosed 

Date of product arrival at Campden BRI DT53 Benzalkonium chloride (BKC) 4/2/14 

DT55 Sodium Hypochlorite (ClO-) 19/2/14 

Condition & appearance of product on 
receipt Satisfactory 

Storage conditions of product Dark ambient 

Active substances  DT53 Benzalkonium chloride (BKC) 
DT55 Sodium Hypochlorite (ClO-) 

Product diluent recommended by the 
manufacturer for use Water 
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EXPERIMENTAL DETAILS & CONDITIONS 
 
Date of tests February 2014 until March 2014 

Test organisms 
Escherichia coli toxigenic O157:H7 NCTC 12079 
E. coli Non toxigenic O157:H7 ATCC 43888 
E. coli EN standard challenge organism ATCC 10536 

Test temperature Ambient (18-25°C) unless specified differently  

Contact time 5 minutes unless specified differently 

Interfering substance Bovine Albumin was used to simulate soiling 

Incubation temperature 37⁰C±1 ⁰C 

Product diluent used during the test Water of Standard Hardness 

Product concentrations 

Chlorine based disinfectant manufacturers recommended use 
concentration was 2.4%  
BKC based disinfectant manufacturers recommended use 
concentration was 1.25% 

Appearance of diluted product Both were transparent slightly coloured solutions 

Neutraliser MB-MR-8-241 

Variations/ Variables 

Organism, Disinfectant concentration, Surface type, 
Temperature, Interfering substance concentration, Contact 
Time.  These are listed and described in the results Tables 1 
& 2. 

Legend: 
NCTC National Collection of Type Cultures 
ATCC American Type Culture Collection 
 
The method TES-MB-211 based upon BS EN 13697:20011 was followed with described variations to 
demonstrate: 
1. If there was any practical difference between the toxigenic E. coli O157:H7 and the non toxigenic   E. 
coli O157 (results shown in Table 1). 
 
This was carried out within a Biohazard Containment Level 3 laboratory; the only variation to the 
standard method used was that for safety reasons the inoculated stainless steel discs (both toxigenic 
and non toxigenic) were dried in a sealed containers containing silica gel crystals within a 37⁰C ±1 ⁰C 
incubator.   
 
2. The effects upon disinfectant efficacy on a non toxigenic E. coli O157:H7 by altering the test 
variables such as test surface, test temperature, interfering substance concentrations and contact time. 
Each test was performed in triplicate and each replicate was reported individually (Results shown in 
Table 2). 
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RESULTS & DISCUSSION 
 
Table 1: Comparison of toxigenic and non toxigenic test strains susceptibility under 
EN13697:2001  

 
Test variables 

Log reduction achieved 
 

BKC ClO- 

Organism 
Escherichia coli 
Non toxigenic 
O157:H7 

Concentration 
Log 

reduction 
achieved 

Concentration 
Log 

reduction 
achieved 

Surface 
Temperature 
Interfering substance 
Contact Time 

Stainless steel 
22⁰C±3 ⁰C 
0.3g/L BA (Clean) 
5 minutes 

Recommended >4.6 Recommended >4.6 
1/10th 

recommended >4.6 1/20th 
recommended 3.6 

1/100th 
recommended <1 1/100th 

recommended <1 

Organism E. coli 
Toxigenic O157:H7 Concentration 

Log 
reduction 
achieved 

Concentration 
Log 

reduction 
achieved 

Surface 
Temperature 
Interfering substance 
Contact Time 

Stainless steel 
22⁰C±3 ⁰C 
0.3g/L BA (Clean) 
5 minutes 

Recommended >4.3 Recommended >4.3 
1/10th 

recommended >4.3 1/20th 
recommended 2.2 

1/100th 
recommended <1 1/100th 

recommended <1 

Legend: 
BA Bovine Albumin 
Validation of tests for EN13697:2001 were deemed valid 
Log reductions calculated from control surfaces and quoted as 1 d.p. 
 > Indicates surviving organisms were below the limit of detection (No surviving organisms recovered) 
 
Based upon the results above there is no practical difference between the susceptibility of non 
toxigenic E. coli O157:H7 and the toxigenic E. coli O157:H7 to each of the two disinfectants at the 
concentrations tested and under the obligatory test conditions. 
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Table 2: Effects upon disinfectant efficacy by altering test variables as described 
 

 
Test variables 

Log reduction achieved 
(Green indicates a 4 log reduction or 

greater (0 d.p.)) 
(Red indicates a <4 log reduction (0 d.p.)) 

BKC ClO- 

Organism E. coli (EN 13697 Standard) >4.3 >5.1 
Disinfectant Concentration Recommended >4.3 >5.1 
Surface Stainless steel >4.3 >5.1 
Temperature 22⁰C±3 ⁰C      
Interfering substance 0.3g/L BA (Clean)     
Contact Time 5 minutes     
Organism E. coli O157:H7 Non toxigenic >4.2 >4.3 
Disinfectant Concentration Recommended >4.2 >4.3 
Surface Stainless steel >4.2 >4.3 
Temperature 22⁰C±3 ⁰C      
Interfering substance 0.3g/L BA (Clean)     
Contact Time 5 minutes     
Results demonstrate that both disinfectants are effective (>4 log reduction) when tested  at recommended 
concentrations under obligatory EN13697:2001 clean conditions against both the EN standard test strain of E. coli 
and a non-toxigenic strain of E. coli O157.   
Organism E. coli O157:H7 Non toxigenic >4.2 >4.0 
Disinfectant Concentration 10 times recommended >4.2 >4.0 
Surface Stainless steel >4.2 >4.0 
Temperature 22⁰C±3 ⁰C      
Interfering substance 0.3g/L BA (Clean)     
Contact Time 5 minutes     
The use of higher than recommended concentrations has no practical negative effect upon efficacy, however, the 
increased chemical concentrations do have implications upon Health & Safety and may be incompatible with 
some materials such as mild steel.  
Organism E. coli O157:H7 Non toxigenic >4.2 0.2 

Disinfectant Concentration 
1/10th  recommended BKC 
1/100th recommended ClO- 2.3 0.3 

Surface Stainless steel >4.2 0.7 
Temperature 22⁰C±3 ⁰C      
Interfering substance 0.3g/L BA (Clean)     
Contact Time 5 minutes     
 The use of a more dilute disinfectant demonstrates that this does reduce the efficacy of the disinfectants with the 
chlorine based disinfectant (1/100th manufacturers recommended) not achieving the 4 log reduction required in 3 
out of 3 replicates and the BKC based disinfectant (1/10th manufacturers recommended) not achieving the 4 log 
reduction in 1 out of 3 replicates. 
 Thus concentrations less than the recommended have an increased risk of failing and this is considered to be 
dependent upon the disinfectant type and dilution factor.   
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Table 2: Effects upon disinfectant efficacy by altering test variables as described (continued) 

 
Test variables 

Log reduction achieved 
(Green indicates a 4 log reduction or 

greater (0 d.p.)) 
(Red indicates a <4log reduction (0 d.p.)) 

BKC ClO- 

Organism E. coli O157:H7 Non toxigenic >3.5 >5.3 
Disinfectant Concentration Recommended >3.5 1.9 
Surface Plastic (smooth) (2cm2) >3.5 2.7 
Temperature 22⁰C±3⁰C      
Interfering substance 0.3g/L BA (Clean)     
Contact Time 5 minutes 

  The plastic smooth surface (Appendix 1: plates 1 & 2) was typical of clear plastic used in machine shielding.   In 
the experiments a degree of hydro-phobicity was noted and this may explain the two Chlorine based failures on 
this surface.   
Organism E. coli O157:H7 Non toxigenic >3.8 4.0 
Disinfectant Concentration Recommended >3.8 3.4 
Surface Plastic (rough) (2cm2) >3.8 2.6 
Temperature 22⁰C±3 ⁰C      
Interfering substance 0.3g/L BA (Clean)     
Time 5 minutes     
It was noted that when applied to a rough plastic surface (Appendix 1:plates 1 & 3) the wetting action of the BKC 
disinfectant gave a  more complete coverage and this is reflected in the results with BKC meeting the 4 log 
reduction (0 d.p.)  criteria in 3 out of 3 replicates and the Chlorine based disinfectant having a range of log 
reductions from 2.6 to 4.0  
Organism E. coli O157:H7 Non toxigenic 2.3 >5.5 
Disinfectant Concentration Recommended >4.0 >5.5 
Surface Stainless steel >4.0 >5.5 
Temperature 4⁰C±2 ⁰C      
Interfering substance 0.3g/L BA (Clean)     
Contact Time 5 minutes     
Reduced temperature (4⁰C±2⁰C) was shown to have a negative effect upon efficacy with 1 of the replicates for 
the BKC disinfectant failing.  
Organism E. coli O157:H7 Non toxigenic 2.7 >5.3 
Disinfectant Concentration Recommended 2.2 >5.3 
Surface Stainless steel 3.3 >5.3 
Temperature 22⁰C±3 ⁰C      
Interfering substance 3g/L       
Contact Time 5 minutes     
Organism E. coli O157:H7 Non toxigenic 0.9 0.7 
Disinfectant Concentration Recommended 0.5 0.7 
Surface Stainless steel 0.8 1.3 
Temperature 22⁰C±3 ⁰C      
Interfering substance 30g/L       
Time 5 minutes     
 Increasing levels of organic matter/ interfering substance as shown above has a negative effect upon disinfectant 
efficacy.  
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Table 2: Effects upon disinfectant efficacy by altering test variables as described (continued) 

 
Test variables 

Log reduction achieved 
(Green indicates a 4 log reduction or 

greater (0 d.p.)) 
(Red indicates a <4log reduction (0 d.p.)) 

BKC ClO- 

Organism E. coli O157:H7 Non toxigenic 3.1 1.7 
Disinfectant Concentration Recommended >4.2 1.0 
Surface Stainless steel >4.2 0.7 
Temperature 22⁰C±3 ⁰C       
Interfering substance 0.3g/L BA (Clean)     
Contact Time 1 minute       
Organism E. coli O157:H7 Non toxigenic 1.5 1.4 
Disinfectant Concentration Recommended 1.8 1.8 
Surface Stainless steel 1.9 1.6 
Temperature 22⁰C±3 ⁰C      
Interfering substance 0.3g/L BA (Clean)     
Contact Time 30 seconds     
As shown above contact time has a significant effect upon disinfectant efficacy with a 5 minute contact time 
demonstrating a consistent >4 log reduction for both disinfectants and a 30 second contact time at the 
concentrations tested demonstrating a consistent <2 log reduction.   
Legend 
Validation of tests for EN13697:2001 were deemed valid 
Log reductions quoted to 1 d.p. 
> Indicates surviving organisms were below the limit of detection (No surviving organisms recovered) 
The variation in each test from the manufacturers recommended and/or test obligatory conditions is in 
bold 
 
It is well known that the efficacy of disinfectants is dependent upon a number of factors; such as 
concentration of disinfectant, level of interfering substance or soil, the temperature of disinfection and 
the contact time, these have been investigated as detailed in Table 2. 
 
The results in Tables 1 & 2 demonstrated that for both disinfectants when used as recommended by 
the manufacturer, achieve a 4 log reduction on stainless steel within 5 minutes.  However, problems 
were highlighted when used upon different materials, at below recommended concentrations, contact 
times and temperature or in the presence of increased interfering substances. 
 
CONCLUSIONS 
 
Both disinfectants were shown to be effective when tested at the manufacturers recommended 
concentrations under the clean obligatory test conditions of 0.3g/L BA, ambient temperature (22⁰C±3 
⁰C), with a five minute contact time on stainless steel (EN13697:20011) against toxigenic and non 
toxigenic strains of E. coli O157:H7 (Table 1).   . 
 
Variations from the obligatory conditions were shown to have an effect upon the efficacy of both 
disinfectants tested. 
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Appendices 
 
Appendix 1: Plates 
Plate 1: Plastic surfaces used in project 
 

 
 
Plate 2: Smooth plastic surface 
 

 
 
Plate 3: Rough plastic surface flexible material used in grips, mats and conveyor belts 
 

 
 
Appendix 2: Reference 
 

1. BS EN 13697:2001 Chemical disinfectants and antiseptics. Quantitative non-porous surface 
test for the evaluation of bactericidal and/or fungicidal activity of chemical disinfectants used in 
food, industrial, domestic and institutional areas. Test method and requirements without 
mechanical action (phase 2/step 2)  
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SUMMARY 
 
The use of “disinfectant wipes” to decontaminate artificially contaminated temperature probes was 
assessed.   
 
The efficacy of two disinfectant wipes was shown to be most dependent upon how the challenge was 
presented (dry/wet) and there was little practical difference in log reductions achieved between wet and 
dry wipes.. 
  
The results imply that the reduction of contamination from the probes was mechanical in action with the 
use of 2 wipes being consistently more effective in terms of mean log reduction achieved, than the use 
of 1 wipe (using a fresh disinfectant wipe for each wipe), with a contact time of 5 minutes there appears 
to be a slight further increase in log reduction (approx. 0.5 log).  The volume of disinfectant applied to 
surface could not be measured as it was contained in each moist wipe, but it was estimated to be less 
than the 0.1mL used in the EN13697:20011 disinfection carrier test.  The interfering substance levels 
were 50 times higher than that used in EN13697:2001 to simulate product contamination.  
 
The use of a dry wipe to remove excess contamination and then immersion into a disinfectant or hot 
water (80⁰C) was shown to produce a mean log reduction of >4. 
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1. BACKGROUND 
 
Campden BRI were approached by the FSA and requested to provide supporting data for the FSA 
document control of cross contamination of E. coli O157:H7, the work was designed to investigate the 
disinfection of temperature probes.  It was agreed to investigate the use of “probe wipes”  or 
“disinfectant wipes”. Two types of wipe were chosen an Alcohol based wipe and a Quaternary 
Ammonium Compound (QAC) specifically a Benzalkonium chloride (BKC) based wipe.  The efficacy of 
the disinfectants (Chlorine and BKC) and hot water (80⁰C ±2 ⁰C) by immersing the contaminated probes 
was also investigated. 
 

2. SAMPLES/MATERIALS 
 
PRODUCT DETAILS 
 

Campden BRI Sample Code 

Benzalkonium chloride based disinfectant wipes (BKC)  DT62 
Alcohol based disinfectant wipes DT63 
Benzalkonium chloride based disinfectant (BKC)  DT53 
Sodium Hypochlorite based disinfectant (ClO-) DT55 

Name of the Product Undisclosed Product 
Batch Code Undisclosed 

Product Manufacturer Undisclosed 

Date of product arrival at Campden 
BRI 

DT53 Benzalkonium chloride disinfectant (BKC) 4/2/14 

DT55 Sodium Hypochlorite disinfectant  (ClO-) 19/2/14 
DT62 BKC wipes 3/3/14 
DT63 Alcohol wipes 3/3/14 

Condition & appearance of product 
on receipt Satisfactory 

Storage conditions of product Dark ambient 

Active substances  
DT53/DT62 Benzalkonium chloride (BKC) 
DT55 Sodium Hypochlorite (ClO-) 
DT63 Alcohol 

Product diluent recommended by 
the manufacturer for use 

Wipes used as supplied 
Disinfectants supplied as concentrates diluted in water to 
manufacturers recommendations 
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EXPERIMENTAL DETAILS & CONDITIONS 
 
Date of tests  March 2014 – April 2014 

Test organism 

E. coli Non toxigenic O157:H7 ATCC 43888 
Culture & Recovery media TSA Incubation 48h @ 37°C±2ºC 
A 24hr culture on Nutrient Agar incubated at 37°C± 2°C was 
used to prepare the inoculum. 
A minimum of 2 subcultures and a maximum of 3 subcultures 
from any storage state (-75°C on Cryobeads) was used. 
The inoculum in MRD was adjusted using spectrophotometer 
@ λ 420nm to achieve the required concentration  

Test temperature Ambient (18-25°C)  

Contact time <2 minutes or 5 minutes  

Interfering substance 

Solutions of 60 g/L and 300 g/L of bovine albumin fraction V 
(suitable for microbiological purposes) dissolved in sterile 
distilled water(SDW) were aseptically prepared in 40 ml 
volumes 

Incubation temperature 37⁰C±1 ⁰C 

Product concentrations 

Wipes used as supplied 
Chlorine based disinfectant at manufacturers recommended 
use concentration of 2.4%  
BKC based disinfectant at manufacturers recommended use 
concentration of 1.25% 

Appearance of diluted product Both were transparent slightly coloured solutions 

Neutraliser MB-MR-8-241 

Variations/ Variables No wipes, dry or wet challenge, use of dry or wet wipes, 
immersion in disinfectant or “hot water” 

Legend: 
NCTC National Collection of Type Cultures 
TSA Tryptone Soya Agar - Oxoid CM 0131 
MRD Maximum Recovery Diluent  9mL -Oxoid EB0348D 
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3. METHODS 
Preparation of test surfaces 
Probes were cleaned and disinfected in accordance with BS EN 13697:2001 i.e. using Decon to 
degrease and 70% alcohol to disinfect, after each stage (degrease and disinfect) the surfaces were 
washed in Sterile Distilled Water.  They were then packaged and autoclaved to sterilise.  
 

Challenge Inoculum preparation 
The challenge inoculum was a 1:1 mixture of interfering substance (Bovine Albumin 60 g/L or 300g/L) 
and inoculum (organism suspension in MRD). 
 
Inoculation and treatment of test surfaces 
Clean sterile probes were immersed up to ½ way in the challenge inoculum and then removed (to 
simulate temperature probe in a sauce). 
 
In Test 1 after inoculation the probes were put to one side and allowed to visibly dry (<30 seconds).  
They were then wiped (see Plates 1 & 2) with a wet disinfectant wipe (either once or twice using fresh 
wipes each time).  Un-wiped probes were used as a control   The surviving organisms were recovered 
from the whole of the probe using a pre-moistened (neutralizer) swab and the swab placed in 10mL of 
MRD + 1mL neutralizer. 
 
In Test 2 the probes were immediately wiped (see Plates 1 & 2) after inoculation with a wet disinfectant 
wipe (either once or twice using fresh wipes each time).  Un-wiped probes were used as a control   As 
an additional control a dry tissue was included in the test regime. 
The surviving organisms were recovered from the whole of the probe using a pre-moistened 
(neutralizer) swab and the swab placed in 10mL of MRD + 1mL neutralizer. 
 
In Test 3 the probes were immediately wiped (see Plates 1 & 2) after inoculation with either a wet 
disinfectant wipe or a dry (incubated at 37⁰C±1 ⁰C over night, dry to the touch) disinfectant wipe (either 
once or twice using fresh wipes each time).  The surviving organisms were recovered from the whole of 
the probe using a pre-moistened (neutralizer) swab and the swab placed in 10mL of MRD + 1mL 
neutralizer.  Un-wiped probes were used as a control.    
 
In Test 4 the probes were immediately wiped (see Plates 1 & 2) after inoculation with a wet disinfectant 
wipe (either once or twice using fresh wipes each time).  Un-wiped probes were used as a control   The 
probes were left for 5 minutes and then the surviving organisms were recovered from the whole of the 
probe using a pre-moistened (neutralizer) and the swab placed in 10mL of MRD + 1mL neutralizer. 
 
In Test 5 the probes were immediately wiped (see Plates 1 & 2) after inoculation with a dry tissue once 
and then immersed (full length-Plate 4) in one of the following treatments.  

a. No treatment control (after wiping) 
b. Na Hypochlorite based disinfectant at manufacturers recommended concentration for 5 minutes 
c. BKC based disinfectant at manufacturers recommended concentration for 5 minutes 
d. Hot water at 80⁰C±2 ⁰C for 2 minutes (temperature was not maintained) 

 The surviving organisms were recovered from the whole of the probe using a pre-moistened 
(neutralizer) and the swab placed in 10mL of MRD + 1mL neutralizer. 
 
Samples were enumerated by preparing serial dilutions in MRD to 10-6 for controls (0 wipes or no 
immersion) and to 10-4 for test surfaces in neutraliser. From each serially diluted sample, 1 ml aliquots 
of appropriate dilutions were plated in duplicate into sterile Petri dishes. Approximately 15 ml of TSA, 
cooled to 45  1°C, was added to each Petri dish. The sample inoculum was mixed with the TSA and 
allowed to solidify. After solidification, plates were incubated under suitable conditions for the target 
organism. 
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After recovery of the surviving organisms from the probes, the probes were stabbed into bottles 
containing solidified TSA and incubated at suitable conditions (Plate 3).  This was a control to validate 
the recovery process in case of low recovery levels from the swabs (Appendices 2 Tables 6.2.1 – 
6.2.4). In the event that no organisms were recovered from the probes by the swab technique this 
would be confirmed by no growth on the stabbed probes.  If there was no recovery from the probe 
using swab technique but growth on the stab probes >100CFU then this would invalidate the swab 
recovery method of detection.  The stabbed probes confirmed the results from the swab recovery 
throughout the testing. 
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4. RESULTS 
Based upon the results shown above Table 1, there is an overall correlation in log reduction and 
number of wipes for both types of disinfectant wipe.  There is a correlation between interfering 
substance concentration and log reduction achieved, with the higher interfering substance levels 
giving the greatest log reductions, this may be due to the survivability/level of organisms on the 
initial surfaces (control) or that the organisms being bound to the interfering substance which is 
easier to remove (more work is required to understand this correlation).  There was also a greater 
log reduction achieved under both interfering substance concentrations from the use of BKC based 
wipes this may be due to the surfactant/cleaning ability of BKC containing wipes.  The Alcohol 
wipes did not contain surfactants that may help with removal of the contamination (interfering 
substance and organisms) from the surface.  

 
Table 1:Results of efficacy of wipes against a visibly dry challenge (Summary of results from 
Appendices 2 Table 6.2.1) 

Interfering substance level Active Treatment Mean Log Mean Log reduction STD (log) 

30g/L Bovine albumin solution 

Control 0 wipes 3.31 NA 0.63 

Alcohol 

1 wipe 3.34 -0.03 1.25 

2 wipes 3.11 0.2 0.18 

BKC 

1wipe 3.29 0.02 0.19 

2 wipes 2.75 0.56 0.14 

150g/L Bovine albumin solution 

Control 0 wipes 5.34 NA 0.33 

Alcohol 

1wipe 4.23 1.11 1.1 

2 wipes 4.33 1.01 0.2 

BKC 

1wipe 3.74 1.6 0.14 

2 wipes 3.13 2.21 1.76 

Legend 
STD log  Standard Deviation of log recovery 
BKC Benzalkonium chloride 
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Log reduction = mean log control – mean log recovered for each treatment 
 
There appears to be little practical difference between wet wipes (new from container) and dry wipes 
(dried at 37⁰C±1⁰C) and the use of dry tissue paper in log reduction achieved.  The alcohol wipes 
appear to be less effective than the BKC wipes this may be due to the lack of a cleaning surfactant or 
the evaporation of the active (Table 2).  
 
Table 2: Summary of results from Tests 2 & 3 efficacy of wet and dry disinfectant wipes 
(Summary of Appendices 2 Tables 6.2.2 & 6.2.3) 

Interfering substance level 
Condition 

of wipe 
Active Treatment 

Mean 
Log 

Mean log 
reduction 

STDEV 
log 

150g/L Bovine albumin solution 

NA Control 0 wipes 6.45 NA 0.12 

Wet 

Alcohol 
1 wipe 4.35 2.11 0.47 

2 wipes 3.74 2.71 1.44 

BKC 
1 wipe 3.98 2.47 1.63 

2 wipes <2.79 >3.66 NA 

Dry 

Alcohol 
1 wipe 4.26 2.19 0.30 

2 wipes 4.01 2.45 0.15 

BKC 
1 wipe 3.96 2.49 0.20 

2 wipes 3.23 3.23 0.90 

Tissue 
1 wipe 3.68 2.77 0.17 

2 wipes 4.19 2.27 0.19 
Legend  
BKC Benzalkonium chloride 
NA Not applicable due to less than results in raw data 
Log reduction = mean log control – mean log recovered for each treatment 
 
Whilst there appears to be a small improvement in log reduction achieved when wet disinfectant wipes 
are used upon a wet challenge and left for a contact time of 5 minutes compared with previous results 
(Table 3) The significance of this difference is unclear and further testing would be required to confirm.  
 
Table 3 Summary of Test 4 effect of contact time upon efficacy (Summary of Appendices 2 
Table 6.2.4) 

Interfering substance level 
additional 

contact time 
(after wipes) 

Active Treatment 
Mean log 
recovered 

reduction SD log 

150g/L Bovine albumin solution 5min 

Control 0 wipes 5.73 NA 0.12 

Alcohol 
1 wipe 3.08 2.65 0.83 

2 wipes <2.54 >3.19 NA 

BKC 
1 wipe 3.00 2.73 0.62 

2 wipes 1.52 4.21 0.24 

Legend  
BKC Benzalkonium chloride 
NA Not applicable due to less than results in raw data 
Log reduction = mean log recovered (control) – mean log recovered (for each treatment) 
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Based upon the results (Table 4), immersion in a disinfectant at a concentration that would meet the 
EN13697:20011 criteria or hot water demonstrated mean log reductions of greater than 4.  
 
 
Table 4 Summary of Test 5 efficacy of immersion contaminated probes into disinfectant or “hot 
water” (Summary of Appendices 2 Table 6.2.5) 

Interfering substance level Treatment after dry wipe Mean Log Mean log reduction SD log 

150g/L Bovine albumin solution 

Control 5.5 NA 0.2 
5min ClO- <1.2 >4.3 NA 
5min BKC <1.4 >4.1 NA 

2min 
80⁰C ±2 ⁰C Water <1.2 >4.3 NA 

Legend  
BKC Benzalkonium  chloride at manufactures recommended use concentration 
ClO- Sodium Hypochlorite at manufactures recommended use concentration 
NA Not applicable due to less than results in raw data 
Log reduction = mean log control – mean log recovered for each treatment 
 

 
5. CONCLUSION 

 
Based upon the results shown in Result Tables 1-3 the greatest influence upon wipe efficacy appears 
to be the challenge (interfering substance and organism)  dryness (Table 1).  When the challenge is 
dried on to the probe it becomes more difficult to remove with disinfectant wipes. 
 
As expected the use of 2 wipes was consistently more effective in terms of mean log reduction 
achieved, than the use of 1 wipe (using a fresh disinfectant wipe for each wipe).   
 
There was little practical difference (< 1log) in efficacy between wet and dry Alcohol wipes and tissue 
paper (Table 2).  There was an increase in achieved mean log reduction if the disinfectant applied to 
the wipe was allowed a contact time of 5 minutes (Table 3), however, further work needs to be 
performed to demonstrate if this is significant. 
 
There was little practical difference (<1 log) in efficacy between wet and dry BKC wipes and tissue 
paper (Table 2).  There was an increase in achieved mean log reduction if the disinfectant applied to 
the wipe was allowed a contact time of 5 minutes (Table 3), however, further work needs to be 
performed to demonstrate if this is significant. 
 
The immersion of “dry wiped” probes into a treatment solution (disinfectant solution at manufactures 
recommended concentration or hot water) for a specified contact time demonstrated a mean log 
reduction of >4. 
 
Based upon the results above disinfectant wipes demonstrate varying degrees of efficacy depending 
upon state and level of the challenge, the state of the wipes (dry/ wet) and the contact time given to the 
applied disinfectant.  However, a mean log reduction of >4 was only achieved by immersion of the 
probe in a treatment (disinfectant or water ≥80⁰C) for an appropriate time. 
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6. Appendices  
 

Appendices 1 (plates) 
 
Plates 1 and 2 wiping probe 
 

 
 

 
 
Probes were wiped from top (Handle) to bottom 
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Plate 3:  Probes in agar after sampling 
 

 
 
Plate 4 Probes in Disinfectant Hot Water 
 
 

 
 
Probes fully immersed in disinfectant solution (BKC or ClO-) or “hot water” (80±2 ⁰C) 
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Appendices 2: Results 
 
Table 6.2.1 Test1 Results  

Interfering 
substance 

level 
Active Treatment Growth 

on Probe CFU/swab Log 
CFU/swab 

Mean 
Log 

Mean Log 
reduction STD log 

30g/L 
Bovine 
albumin 
solution 

Control 0 wipes 

+ 2.27E+03 3.36 

3.31 NA 0.63 + 8.18E+03 3.91 

+ 4.55E+02 2.66 

alcohol 

1 wipe 

+ 1.77E+02 2.25 

3.34 -0.03 1.25 + 1.17E+03 3.07 

+ 5.14E+04 4.71 

2 wipes 

+ 8.91E+02 2.95 

3.11 0.20 0.18 + 2.03E+03 3.31 

+ 1.21E+03 3.08 

BKC 

1 wipe 

+ 2.30E+03 3.36 

3.29 0.02 0.19 + 1.21E+03 3.08 

+ 2.72E+03 3.43 

2 wipes 

+ 4.27E+02 2.63 

2.75 0.56 0.14 + 8.05E+02 2.91 

+ 5.14E+02 2.71 

150g/L 
Bovine 
albumin 
solution 

Control 0 wipes 

+ 1.50E+05 5.18 

5.34 NA 0.33 + 5.14E+05 5.71 

+ 1.31E+05 5.12 

alcohol 

1 wipe 

+ 1.09E+05 5.04 

4.23 1.11 1.10 + 4.86E+04 4.69 

+ 9.59E+02 2.98 

2 wipes 

+ 3.41E+04 4.53 

4.33 1.01 0.20 + 1.37E+04 4.14 

+ 2.14E+04 4.33 

BKC 

1 wipe 

+ 4.41E+03 3.64 

3.74 1.60 0.14 + 7.00E+03 3.85 

NT NT NT 

2 wipes 

+ 2.39E+04 4.38 

3.13 2.21 1.76 + 7.73E+01 1.89 

NT NT NT 
Legend: 
BKC Benzalkonium  chloride 
NA Not applicable 
NT Not tested 
+ visible growth in the probes stabbed into TSA (Appendix 1: plate 3) 
Log reduction = mean log control – mean log recovered for each treatment 
STD log Standard deviation of log recovery 
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Table 6.2.2 Test 2 Results 
Interfering 
substance 

level 
Active test Growth 

on Probe CFU/swab Log 
CFU/swab 

Mean 
Log reduction STD log 

150g/L 
Bovine 
albumin 
solution 

Control control 

+ 2.38E+06 6.38 

6.49 NA 0.16 + 2.68E+06 6.43 

+ 4.73E+06 6.67 

alcohol 

1 wipe 

+ 2.15E+04 4.33 

4.58 1.91 0.23 + 4.00E+04 4.60 

+ 6.28E+04 4.80 

2 wipes 

+ 5.05E+03 3.70 

3.93 2.56 0.32 + 6.05E+03 3.78 

+ 2.00E+04 4.30 

BKC 

1 wipe 

+ 4.96E+04 4.70 

4.19 2.30 0.51 + 4.75E+03 3.68 

+ 1.59E+04 4.20 

2 wipes 

+ <10 <1.00 

>3.06 >3.43 >1.19 + 1.09E+03 3.04 

+ 1.22E+03 3.09 

Tissue 

1 wipe 
+ 6.35E+03 3.80 

3.68 2.81 0.17 
+ 3.60E+03 3.56 

2 wipes 
+ 1.12E+04 4.05 

4.18 2.31 0.19 
+ 2.08E+04 4.32 

Legend: 
BKC Benzalkonium  chloride 
NA Not applicable 
NT Not tested 
+ visible growth in the probes stabbed into TSA (Appendix 1: plate 3) 
Log reduction = mean log control – mean log recovered for each treatment 
STD log Standard deviation of log recovery 
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Table 6.2.3 Test 3 Results 
Interfering 
substance 

level 

Condition 
of wipe Active Test 

Growth 
on 

Probe 
CFU/swab Log 

CFU/swab 
Mean 
Log 

Mean log 
reduction STD  log 

150g/L 
Bovine 
albumin 
solution 

NA Control 0  wipe 

+ 3.18E+06 6.50 

6.41 NA 0.09 + 2.55E+06 6.41 

+ 2.14E+06 6.33 

Wet 

Alcohol 

1 wipe 

+ 2.21E+04 4.34 

4.11 2.30 0.58 + 3.45E+04 4.54 

+ 2.86E+03 3.46 

2 wipes 

+ 5.41E+03 3.73 

3.55 2.86 0.22 + 4.09E+03 3.61 

+ 2.00E+03 3.30 

BKC 

1 wipe 

+ 9.82E+03 3.99 

3.77 2.64 0.90 + 3.50E+04 4.54 

+ 6.14E+02 2.79 

2 wipes 

+ 6.82E+02 2.83 

3.21 3.20 0.42 + 1.37E+03 3.14 

+ 4.55E+03 3.66 

Dry 

Alcohol 

1 wipe 
+ 1.12E+04 4.05 

4.26 2.15 0.30 
+ 2.95E+04 4.47 

2 wipes 
+ 7.91E+03 3.90 

4.00 2.41 0.15 
+ 1.29E+04 4.11 

BKC 

1 wipe 
+ 6.59E+03 3.82 

3.96 2.45 0.20 
+ 1.27E+04 4.10 

2 wipes 
+ 7.23E+03 3.86 

3.22 3.19 0.90 
+ 3.86E+02 2.59 

Legend: 
BKC Benzalkonium  chloride 
NA Not applicable 
+ visible growth in the probes stabbed into TSA (Appendix 1: plate 3) 
Log reduction = mean log control – mean log recovered for each treatment 
STD log Standard deviation of log recovery 
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Table 6.2.4 Test 4 Results 
Interfering 
substance 

level 

additional 
contact 

time (after 
wipes) 

Active test 
Growth 

on 
Probe 

CFU/swab Log 
CFU/swab 

Mean 
Log 

Mean log 
reduction STD log 

150g/L 
Bovine 
albumin 
solution 

5min 

control 0 wipes 

+ 7.00E+05 5.85 

5.73 NA 0.12 + 4.00E+05 5.60 
+ 5.36E+05 5.73 

alcohol 

1wipe 

+ 2.14E+02 2.33 

3.08 2.65 0.83 + 9.25E+03 3.97 
+ 8.91E+02 2.95 

2wipes 

+ 7.15E+03 3.85 

<2.54 >3.19 >1.64 - <5 <0.7 
+ 1.17E+03 3.07 

BKC 

1wipe 

+ 5.64E+02 2.75 

3.00 2.73 0.62 + 3.45E+02 2.54 
+ 5.05E+03 3.70 

2wipes 

+ 1.82E+01 1.26 

1.52 4.21 0.24 + 3.64E+01 1.56 
+ 5.45E+01 1.74 

Legend: 
BKC Benzalkonium  chloride 
NA Not applicable 
+ visible growth in the probes stabbed into TSA (Appendix 1: plate 3) 
- no visible growth in the probes stabbed into TSA (Appendix 1: plate 3) 
Log reduction = mean log control – mean log recovered for each treatment 
STD log Standard deviation of log recovery 
 
Table 6.2.5 Test 5 Results 

Interfering substance level Treatment after dry 
wipe CFU/swab Log 

CFU/swab 
Mean 
Log 

Mean log 
reduction 

STD 
log 

150g/L Bovine albumin 
solution 

Control 

2.10E+05 5.3 

5.5 NA 0.2 3.95E+05 5.6 

3.45E+05 5.5 

5min ClO- 
 

1.00E+01 1.0 

<1.2 >4.3 0.6 <5 <0.7 

8.00E+01 1.9 

5min BKC 

<5 <0.7 

<1.4 >4.1 0.8 1.55E+02 2.2 

2.50E+01 1.4 

2min 
80⁰C ±2 ⁰C 

5.00E+00 <0.7 

<1.2 >4.3 0.5 6.00E+01 1.9 

1.50E+01 1.2 
Legend: 
BKC Benzalkonium  chloride 
ClO- Sodium Hypochlorite 
NA Not applicable 
Log reduction = mean log control – mean log recovered for each treatment 
STD log Standard deviation of log recovery 
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Appendices 3: Reference 
1. BS EN 13697:2001 Chemical disinfectants and antiseptics. Quantitative non-porous surface 

test for the evaluation of bactericidal and/or fungicidal activity of chemical disinfectants used in 
food, industrial, domestic and institutional areas. Test method and requirements without 
mechanical action (phase 2/step 2)  
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1 BACKGROUND AND AIM 
Research was carried out to determine the inactivation kinetic parameters that can be achieved using 

heat (both dry and wet) and chemicals (quaternary ammonium compounds (QAC), chlorine based and 

wipes) on surfaces inoculated with E.coli O157 (detailed in Deliverables 2 and 3 respectively). The aim 

of this document (Deliverable 4) was to discuss the decontamination best practice in relation to the 

methods that were proposed and the results obtained in laboratory research.   

 
2 METHODS 
The alternative methods, proposed by food business owners, outlined the use of heat disinfection 

and/or chemical disinfection to decontaminate complex pieces of equipment. This deliverable focused 

on the methods that can be applied to various surfaces of the equipment. The research was split into 

stages: The first stage investigated the practicalities of the methods suggested and the second stage 

developed best practice information as a result of stage 1 and previous deliverables.  

 
2.1 Stage 1: Practicalities of the methods  
The practicalities of the methods suggested were observed. For example, for the heat treatment 

methods, common items and parts of equipment were subjected to heat treatments of both wet 

(submergence in a heated water bath) and dry (oven heating) conditions to observe the advantages 

and limitations of the method.  

 

2.2 Stage 2: Best practice  
Using the information gathered in Stage 1 and details from the research carried out into the inactivation 

kinetic parameters that can be achieved using heat (both dry and wet) and chemicals on surfaces 

inoculated with E.coli O157 (detailed in Deliverable 2 and 3 respectively) best practice information 

could be provided.  
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3 RESULTS AND DISCUSSION  

3.1 Heat treatment:  

Studies were carried out on wet and dry decontamination methods. The practicalities of the methods 

were observed and best practice was developed. The Heat treatments investigated were hot water 

submergence and oven based studies.  

3.1.1 Hot water submergence:  Stage 1 – Practicalities  

A Lan Elec; 812 slicer (Figure 1) was disassembled and the parts were placed in a hot water bath set 

at 65.2°C. This temperature was selected based on both the results of the kinetic D and z values 

obtained in Deliverable 2 and the readings that could be easily observed on temperature indicator 

labels. The machine consisted of both metal and plastic parts as shown in Figure 2 (a). Data loggers 

were used to measure the surface temperature of the items and temperature indicator strips were also 

used to verify the surface temperatures reached (TI labels; Thermax 8 Level, irreversible indicator 

labels; Range A (37-65oC/99-149oF) and T.D.I.; Dishwashing temperature strips (65, 71, 82oC / 

150,160,180oF) from TMC Hallcrest, Flintshire, UK).  

 

 

 
Figure 1: Lan Elec 812 Slicer observed in the studies 

 
 

The graph shown in Figure 3 indicates the temperature rise observed on the surface of the plastic and 

metal part of the chosen slicer item (See Figure 2 a). Table 1 compares the surface temperatures 

observed using a data logger and temperature indicator strips (54-65°C).   
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(a) Slicer handle front view- metal and plastic (b) Slicer handle back view 

 
 

(c) Blade guard upper side (d) Blade guard under side 

  
Figure 2: Lan Elec 812 Slicer parts observed in the studies 

 
Table 1: Approximate timings of when temperatures were achieved on the surfaces (Figure 2a) 
during placement in a water bath set at 65.2°C. Results are those obtained using data loggers 
and thermal indicator labels. Temperatures observed 54 - 71 °C on TI labels and 65-82° on a 

T.D.I label. Times shown in minutes and seconds; x indicates unknown timing. 

 Data logger (10 second intervals) 
Temperature °C 

TI labels (visual assessment) 
Temperature °C 

TDI (visual 
assessment) 

No.  54 60 62 65 54 60 62 65 65 

1 
 

Water 
 

<00:10 <00:10 <00:10 <00:10 No labels 

2 

Plastic 
guard on 

slicer 
handle 

00:20 01:00 01:20 02:40 00:19 x 01:00 02:09 No label 

3 

Thick 
metal 

centre of 
slicer 

handle 

00:20 00:30 00:40 01:50 x 00:19 00:50 01:39 01:11 
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During this study it was also observed that the configuration of the item treated by this method may 

affect the suitability of the treatment for decontamination purposes. The close up image of the back of 

the slicer handle (Figure 4 b) and the under side of the blade guard  (Figure 4 d) show that during 

submergence,  water became trapped in the unreachable areas of the equipment. Metal to metal 

connections have the potential to allow ingress of water as shown in these Figure 4 (b) and (d). This 

example poses a risk to the subsequent product sliced with this machine, as stagnant water may be 

harboured in difficult areas and released during consequent use of the machine. The water released 

has the potential to allow the growth of harmful microorganism. Upon release, this water may cause 

cross contamination to the sliced product.  

 

(a) Slicer handle back view (b) Slicer handle back – close up 

  
(c) Blade guard under side  (d) Blade guard under side – close up 

  
Figure 4: Water ingress observed on slicer parts after submergence in water. 

 
3.1.2 Hot water submergence: Stage 2 – Best practice  

The results of laboratory studies carried out at Campden BRI (details in Deliverable 2) show that the D- 

and z-values calculated for Escherichia coli O157:H7 using moist heat were found to be much lower 

than those determined for dry heat. However, the z–value of 21.8°C determined for this organism on 
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stainless steel was only slightly lower than the z-value determined using dry heat (27.1°C).  This z-

value is considerably higher than would be expected for this organism in a normal moist situation, 

where the z-value might be 5-7°C.   

 

Hot water submergence best practice:  
Evaluate the suitability of the food contact item to the wet conditions. If water is likely to ingress into 

hard to reach areas or damage is likely, this method is not suitable. 

Before heat treatment the item to be treated must be clean and free from all food debris. This may be 

achieved using mechanical and/or chemical treatment (e.g detergent/surfactant).  

If wet heat treatments are used to decontaminate stainless steel, these should follow the minimum heat 

treatment at holding times shown in Table 2 or higher. It must also be noted that depending on the type 

of surface the time taken for the surface to come up to temperature must be taken into consideration 

and added to the total treatment time.  

The treatment can be verified using temperature indicator strips to ensure the surface reaches the 

specific temperature and then timed until the duration of holding time is met.  

 

Table 2: Holding time suggestions to reduce E. coli 0157:H7 contamination on stainless steel 
using moist heat. 

Process temperature (°C) D-value (seconds) Holding time to achieve a 4 log reduction 
(seconds)* 

 (in line with BS EN 13697:2001)1 
65 2.1 8.4 

*D-value, or decimal reduction time, in microbiology refers to the time required, at a given temperature, 
to achieve a 90% (or 1 log) reduction in the population of a given microorganism. To obtain a 4 log 
reduction the D-value was multiplied by 4.  
 

3.1.3 Oven studies:  Stage 1 – Practicalities  

A Lan Elec; 812 slicer (Figure 1) was disassembled and the parts were placed in an oven set at 93°C. 

This temperature was selected based on both the results of the kinetic D and Z values obtained in 

Deliverable 2 and the readings that could be easily observed on temperature indicator labels. The 

machine consisted of both metal and plastic parts as shown in Figure 2 (a). Data loggers were used to 

measure the surface temperature of the items and temperature indicator strips were also used to verify 

the surface temperatures reached (TI labels; Thermax 8 Level, irreversible indicator labels; Range A 

(37-65oC/99-149oF) and Omega; non-Reversible TL-4 Range Series (77-93°C/170-200°F).  

                                                
1 BS EN 13697:2001.  Quantitative non-porous surface test for the evaluation of bactericidal and/or fungicidal 
activity of chemical disinfectants 
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Table 4: Approximate timings of when temperatures were achieved on the various surfaces 
during placement in an oven set at 93°C. Results are those obtained using data loggers and 

thermal label readings 77 - 93 °C.  Times shown in minutes and seconds; x indicates unknown 
timing 

 
Approximate timings of 

when temperatures 
Reached 

Data logger (30 second 
intervals) 

Omega labels (visual 
assessment) 

No.  77°C 82°C 88°C 93°C 77°C 82°C 88°C 93°C 
1 Atmosphere 02:30 03:30 04:30 06:00 No labels 

2 Plastic guard on slicer 
handle (Figure 2a) 06:00 07:00 09:00 20:00 05:00 06:20 08:00 19:40 

3 
Blade guard under side 

(Figure 2d) 05:30 06:30 09:00 20:00 05:55 x x 19:38 

4 
Blade guard upper side 

(Figure 2c) 06:30 07:30 10:00 21:00 No labels 

5 Weighing scales pan 
(not shown) 04:30 05.00 06:30 10:00 04:00 04:44 05:40 09:00 

 

The graph shown in Figure 5 indicates the temperature rise observed on the surface of the plastic and 

metal items. Tables 3 and 4 compare the surface temperatures observed using a data logger and 

temperature indicator strips (62-93°C).    

 
The data logger readings were taken at 30 second intervals, so these results may be underestimates of 

when actual temperatures were reached. According to the results, shown in Figure 5 and Table 4, it 

took ~21 minutes for all items to reach 93 °C. The thin metal pan of the weighing scales was the fastest 

to heat up. It reached 93°C between 9 and 10 minutes after being placed in the oven. The plastic guard 

of the slicer and upper and lower parts of the slicer blade guard took approximately double this time. 

These results suggest that considerable care should be taken to identify the length of time a surface 

takes to get to temperature. This may depend on the thickness and nature of the item to be heat 

treated.  

 

According to the thermal label and data logger results, in Table 4, the plastic guard on the slicer handle 

took between 19 minutes 40 seconds (Omega labels) and 20 minutes (data logger) to reach 93°C. This 

was a difference of 20 seconds. Similar results were obtained for the blade guard under side (a 

difference of 12 seconds). The weighing pan was made of thin metal and this showed a faster rate of 

heating (10 minutes using the data logger) which was reflected also using the thermal temperature 

labels (9 minutes). The results suggest that the thermal labels give a good indicator of the time at which 

the surface reaches the desired temperature. In some cases the labels underestimated the 

temperature when compared to the data loggers; however, they can be used as a simple visual method 

to confirm surface temperature has been reached. 
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3.1.4 Oven studies: Stage 2 – Best practice  

The results of laboratory studies carried out at Campden BRI (Details in deliverable 2) show that the 

heat resistance of E. coli O157:H7 attached to stainless steel towards dry heat is very high compared 

against its moist heat resistance in foods. For example, the D-value of E. coli O157:H7 at 65°C in 

distilled water was found to be 0.05 minutes in a study by Spinks et al. (2006), compared with 

136.8 minutes on stainless steel treated with dry heat at the same temperature. Furthermore, a moist 

process of 70°C for 2 minutes, applied to short shelf-life chilled foods, would be expected to achieve a 

>6 log reduction in E. coli, whereas the results obtained show that, on stainless steel surfaces treated 

with dry heat at 70°C, a hold time of 322 minutes would be required to produce the same reduction in 

this organism. 

 

Dry heat best practice:  
Evaluate the suitability of the food contact item to the intended dry heat treatment. If the heat is likely to 

cause damage to the item this method is not suitable. 

Before use of a heat treatment the item to be treated must be clean and free from all food debris. This 

may be achieved using mechanical and/or chemical treatment (e.g detergent/surfactant).  

Parts of the equipment which come into direct contact with food shall be placed into an oven at 

temperatures and times shown in Table 5 or equivalent temperatures and time.  

It must also be noted that depending on the type of surface the time taken for the surface to come up to 

temperature must be taken into consideration and added to the total treatment time.  

The treatment can be verified using temperature indicator strips to ensure the surface reaches the 

specific temperature and then timed until the duration of holding time is met.  

 

Table 5: Holding time suggestions to reduce E. coli 0157:H7 contamination on stainless steel 
using dry heat. 

Process temperature (°C) D value (Minutes)  
 
 

Holding time to achieve a 4 log  
reduction (Minutes)* (in line with BS EN  

13697:20012) 
65 136.8  547.2 
75 35.1  140.4 
85 22.6  90.4 
95 8.7  34.8 
105 3.9  15.6 

*D-value, or decimal reduction time, in microbiology refers to the time required, at a given temperature, 
to achieve a 90% (or 1 log) reduction in the population of a given microorganism. To obtain a 4 log 
reduction the D-value was multiplied by 4.  
 

 
                                                
2
 BS EN 13697:2001.  Quantitative non-porous surface test for the evaluation of bactericidal and/or fungicidal activity of 

chemical disinfectants 
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3.1.5 Overall Thermal treatment best practice:  

 
Thermal treatment best practice:  
Hands should be washed prior to cleaning/disinfecting the equipment. 

Disassemble the equipment. 

Remove all food debris from the food contact item using single use sanitised cloths. Mechanical action 

and/or chemical treatment (e.g detergent/surfactant) can be applied to help remove any extra food 

debris. 

Parts of the equipment which come into direct contact with food shall be placed into an oven or heated 

water at temperatures and times shown in Tables 5 and 4 respectively, or equivalent temperatures and 

times as calculated from wet and dry heat z-values. 

The time taken for the surface to come up to temperature must be taken into consideration and added 

to the total treatment time.  

If suitable, instead of using dry or wet heat, a dishwasher at a temperatures of 60°C or higher can be 

used to clean the food contact items. The time taken for the surface to come up to temperature must be 

taken into consideration and added to the total treatment time.  

The temperature of the surface of the equipment can be verified using temperature indicator strips. 

When the surface temperature has been reached, maintain the item at the correspondent time for that 

temperature.     

When the treatment time has been completed, remove the items from the oven or hot water safely and 

allow to cool on a clean, heat proof surface.  Wet items should be air dried or dried with disposable 

towels. 

Once dried or cooled the items should be reassembled with clean hands and moved to a clean area. 

 
3.2 Chemical spray treatment:  
Studies were carried out on chemical decontamination methods. The practicalities of the methods were 

observed and best practice was developed. The chemicals investigated were a Quaternary ammonium 

based compound (QAC – Benzalkonium chloride (BKC) and a Chlorine based compound (Sodium 

Hypochlorite (ClO-). The comparison results obtained are shown in Appendix II 

 
3.2.1 QAC: Stage 1 – Practicalities 

The results in Appendix II show that Escherichia coli O157:H7 attached to stainless steel and plastic 

can be reduced by more than 4 logs when treated under the correct conditions  

 
Chemical liquid application best practice:  



Confidential report:  
 

Campden BRI (Chipping Campden) Limited – part of the Campden BRI group 
Station RoadChipping CampdenGloucestershireGL55 6LDUK 
Providing services under an ISO 9001 registered quality management system       12 / 14 
 

Hands should be washed prior to cleaning and disinfecting the equipment. 

Disassemble the equipment as much as possible 

Before use of any disinfection treatment, the item to be treated must be clean and free from all food 

debris. This may be achieved using mechanical and/or chemical treatment (e.g detergent/surfactant).  

Evaluate the suitability of the food contact item to the treatment conditions; If the method is likely to 

damage the article an alternative method should be sought.  

Ensure the disinfectant selected is suitable for the surfaces to be disinfected.  

Once the contact time has passed the disinfectant can be rinsed off using clean (potable) water.  

The item can be dried using air drying methods, or disposable towels. 

Once dried the items should be reassembled with clean hands and moved to a clean area. 

Disinfection of food contact areas can be undertaken with chemicals, providing they are suitable for 

such areas and meet the criteria of BS EN 1276 and/or BS EN 13697. 

Manufacturer’s instructions should be followed when using any chemical.   

Suitable training is important to ensure disinfection is carried out in the correct manner, for example 

using the correct concentrations, temperature and contact times.  

The chemical concentrations can be verified using indicator strips to ensure the concentration applied 

to the surface is as desired.  

 

3.3 Wipes  
3.3.1 Sanitiser wipes: Stage 1 – Practicalities 

The research (Details in Appendix III) provides no evidence that disinfectant wipes alone result in a 

4 log reduction of E. coli. Therefore, wipes could be used as a risk reduction method for the removal of 

food residue with some microbial load reduction. However, wipes should not be used as a control for E. 

coli O157:H7. Best practice advice would be to disinfect probes using wipes straight after a 

contamination incident. It would be suggested that wipes are only appropriate for use between products 

of the same nature (for example only between raw foods). A further step should be used to disinfect 

when probing RTE products after probing raw products. This may involve hot water (>80°C) or 

chemical submergence and probes should always be wiped again if they have not been used for some 

time prior to probing foods.   

 
3.3.2 Sanitiser wipes: Stage 2 – Best practice 

Wipes best practice: 
When disinfecting probes, wipes should be used straight after the use of the probe (optimum time of 

use).  

The probe should be given one wipe to remove debris and then wiped with a second clean wipe to 

sanitise. The probe should be stored in a clean area between uses and sanitised again before further 

use. 
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If a probe is to be used for probing RTE products following the probing of raw products, it must first be 

cleaned of food debris (using mechanical and/or chemical treatment such as detergents or surfactants) 

before being disinfected via heat (immersion in hot water (>80ºC) or dish-washed at (60°C) or 

immersing in chemical disinfectants at the manufacturers recommended concentration and contact 

time. 

 

To maintain their effectiveness the following key points should be considered;  

Wipe manufacturer’s instructions for storage guidance (where to store and length of storage life) 

Stock rotation and age of wipes to ensure they have not dried out or expired.  

The risk of cross contamination from the exterior of containers/packets in which the wipes are stored.  

 

Ensure all staff who will use wipes have received training on how and when to use them to help 

guarantee consistency and efficacy of use in practice. 

 

4 CONCLUSION  
 

From the results and discussion it was observed that the alternative methods suggested are suitable 

for certain items of equipment as long as the methods of application are used as recommended. The 

efficacy of the method also depends on the equipment to be disinfected. To ensure the optimal 

effectiveness of a disinfection treatment it is important that the item is free from all food debris before 

application. This may be achieved using mechanical and/or chemical treatment (e.g. 

detergent/surfactant).  

 

For wet heat treatments (e.g. hot water submergence methods) the equipment must be suitable for 

water immersion and without connections that may cause water ingress that may later release onto the 

food product. During dry heat treatments (e.g. oven heat) the materials of construction of the 

equipment shall be considered so that the heat does not damage the item. During the heat treatment 

methods it must also be noted that depending on the type of surface the time taken for the surface to 

come up to temperature must be taken into consideration and added to the total treatment time (which, 

in practical terms, may be considerable (hours)).  

 

When using chemical methods the smoothness of the surface and hydrophobicity must be taken into 

consideration to assure the chemical treatment can achieve a suitable contact with the surface. Wipes 

can be used to assist in the disinfection of temperature probes if used directly after a contamination 

incident or, better still, after submergence in disinfectant at a concentration that would meet the 

EN13697:20011 criteria or hot water.  
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It is important to follow the manufactures advice for disinfection. (This relates to both chemical and 

surface suitability). Correct training on disinfection protocol is essential. A protocol may differ between 

parts of the equipment. 

 

There is currently no standard test that simulates the physical removal of dirt or microbes by wipes. 

Best practice recommends that surfaces should be physically clean prior to disinfection in order for any 

disinfectant to be effective. Suitable training is important to ensure cleaning is carried out in the correct 

manner, for example; correct storage of the wipes so that they do not dry out and not re-using the 

same wipe. Wipes are appropriate to use when disinfecting probes between product of the same 

nature (for example RTE foods), however a further step should be used to disinfect between raw and 

RTE. This step may involve prior chemical or hot water submergence before the use of disinfection 

wipes.  
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1 BACKGROUND AND AIM 
The aim of this deliverable was to provide guidance on how businesses can validate the performance 

of their decontamination method, against the proposed recommendations, with a focus on methods that 

could be readily achievable by small businesses. 

 

2 METHODS 
This research investigated the reliability of temperature and chemical concentration verification 

methods readily available to small businesses. To ensure surfaces reach a desired temperature, 

temperature indicator strips can provide a quick and cost effective verification tool. Standard tests were 

carried out to assess the accuracy of these verification methods to ensure they are suitable to verify the 

temperatures required when using the alternative methods suggested.  

During chemical treatment, the concentration of a cleaning solution can be easily verified using 

chemical test strips. Several rapid testing strip methods were used to test the concentration of both 

chlorine and Quaternary ammonium compound (QAC) solutions that may be used for disinfection 

purposes.  

 

2.1 Thermal indicator standard test 

The aim of this assessment was to determine the accuracy of temperature indicator labels using the 

BSI Standard (BS 7908:1999: Packaging - Temperature and time-temperature indicators - 

Performance specification and reference testing). 

 

Four types of temperature indicator labels were tested; (1) Thermax 8 Level, irreversible indicator 

labels (TI labels), Range A (37-65oC/99-149oF), (2) Thermax 8 Level, irreversible indicator labels (TI 

labels), Range B (71-110oC/160-230oF), from Temperature Indicators Ltd, Kent, UK; (3) TDI 

Dishwashing temperature strips (65, 71, 82oC / 150,160,180oF) from TMC Hallcrest, Flintshire, UK and 

(4) Omega, non-Reversible TL-4 Range Series (77-93°C/170-200°F).  

 

The temperatures tested on the TI label: Range A were 60°C (end point 1 – EP1) and 65°C (end point 

2 – EP2). The temperatures tested on the TI label: Range B were 88°C (end point 1 – EP1) and 93°C 

(end point 2 – EP2). The manufactures stated an accuracy of ±2% of the temperature in °F. This gave 

ranges of 58.4-61.6°C for EP1; Range A, 63.3-66.7°C for EP2; Range A and 85.7-89.9°C for EP1; 

Range B and 90.6-94.9°C for EP2; Range B. Due to the level of accuracy, the labels were assumed to 

be equivalent to BS708 Class 2 and the standard was carried out accordingly. 

 

The temperatures tested on the TDI labels were 65°C (EP1) and 71°C (EP2). The accuracy was not 

given with the instructions however the same labels claimed they are accurate within ±1°C when 

researched online. This gave ranges of 64-66°C for EP1 and 70-72°C for EP2. Due to the level of 
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accuracy, the labels were assumed to be equivalent to BS708 Class 2 and the standard was carried 

out accordingly. 

 

The temperatures tested on the Omega labels were 88°C (EP1) and 93°C (EP2). The accuracy was 

not given with the instructions. The labels were assumed to be equivalent of BS708 Class 2 and the 

standard was carried out accordingly. 

 

The labels (two at a time) were placed onto the aluminium surface of a temperature controlled isotherm 

block. As they were treated as Class 2 labels they were tested at 1.5°C either side of the end point 

temperature in increments of 0.5°C. See Figure 1 for details and Table 1 for temperatures tested on 

each label and the increments used.  

 

The labels were left at each temperature for at least 20 minutes so the block could stabilise. When the 

label reached its end point, the set and surface temperatures were recorded. Observations were also 

made throughout the trials. A thermal imaging camera was used to measure the surface temperatures 

of the block and for calibration. After the assessment the labels were left to cool to room temperature 

on the block and were observed to determine whether or not they were irreversible. This was observed 

as loss of the colour that had developed upon reaching the indicated temperature.  
 

 
Figure 1: layout of the experiment; example showing TDI label testing 
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Table 1: Temperatures tested on each label and the increments used 

End Point Temperature 
(°C) 

Increments used (°C) Labels tested 

60 58.5 

TI labels Range A 

 

59.0 
59.5 
60.0 
60.5 
61.0 
61.5 

65 63.5 

TI labels Range A 

and T.D.I labels 

64.0 
64.5 
65.0 
65.5 
66.0 
66.5 

71 69.5 

T.D.I labels 

70.0 
70.5 
71.0 
71.5 
72.0 
72.5 

88 86.5 
TI labels Range B and 

Omega labels 

 

87.0 
87.5 
88.0 
88.5 
89.0 
89.5 

93 91.5 

TI labels Range B and 

Omega labels 

92.0 
92.5 
93.0 
93.5 
94.0 
94.5 

 

2.2 Chemical test strips: Test Kits for Chemical Compounds 

The aim of this assessment was to determine the accuracy of chemical testing strips. Solutions of 

various concentrations of chemicals (Chlorine and QAC) were made up and tested using verification 

strips from various manufactures. The concentrations of chlorine (Domestos- extended germ kill; 

original bleach with CTAC; Unilever) were also verified using analytical methods (ASTM D2022-89 

(2008) NON-UKAS). The concentrations of QAC (Suma BAC – D10; Johnson Diversey) were 

determined using information from the manufacturer.  

 

Chlorine solution: The ingredients label stated that the Domestos bleach was made up of 4.5% sodium 

hypochlorite (present as hypochlorous acid, HOCL, and typically referred to as ‘free chlorine’). 

Chemical analysis of the neat bleach solution stated that the available chlorine was 4.34%. This 

indicates that a 100% solution of bleach was 43400 ppm (parts per million). Dilutions of the chlorine 
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solution were 24% (measured as 9200 ppm), 2.4% (measured as 1130 ppm), 0.24% (measured as 130 

ppm) and 0.024% (measured as 27 ppm) (See Table 2).  

 

QAC solutions: According to the manufacturer of the D-10, a 1 % dilution would have 300ppm QAC. 

The concentrations were made up as neat 100% (30000 ppm), 12.5 % (~3750 ppm), 1.25 % (~375 

ppm), 0.125 % (~37.5 ppm) and 0.0125 % (~3.75 ppm) (See Table 2). 

 
Table 2: Concentration of chemicals used (% and ppm) 

 Chlorine Concentration QAC Concentration 

 (%) ~(ppm) (%) ~(ppm) 

Neat 100 43400 100 30000 

10 x Recommended solution 24 9200 12.5 3750 

Recommended solution 2.4 1130 1.25 375 
1/10 of recommended solution 0.24 113 0.125 37.5 

1/100 of recommended 
solution 

0.024 27 0.0125 3.75 

Water 0 0 0 0 

 

Rapid testing methods were used to verify the concentration of the chemical solutions. The chlorine 

analysis tests (Table 3) consisted of 4 types of detection limits; low (0-10 ppm), medium (0-200 ppm) 

and high (0-1000 ppm) and very high (0-10000 ppm). The QAC analysis tests (Table 4) consisted of 1 

detection limit; medium (0-400 ppm). 

 

Table 3:  Details of Chlorine (HOCl) rapid test methods: 
Type  Name  Company  Detection 

levels (ppm) 

Low (a) Sansafe – Free chlorine water check Industrial Test Systems Inc.  0 - 6 

Low (b)  Pool and spa test strips – Free 

chlorine, Bromine, Alkalinity and pH  

Insta-test – LaMotte 0-10 

    

Medium 
(a)  

Hydrion - Chlorine test  paper  Cole Parmer – MicroEssential 

laboratory   

10-200 

Medium 
(b) 

Chlorine test papers  Cole Parmer – La Motte  10 -200 

Medium 
(c) 

Chlor-Assure (25-200ppm)  Labtek services 25-200 

    

High (a) Water works – Free chlorine check – Industrial Test Systems Inc. 0-750 
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Ultra-high 

High (b) High Range – Free chlorine  Insta-test – LaMotte 0-800 

High (c) High level chlorine – (0-1000pm)  Labtek services 0-1000 

Very 
High (a) 

Activate – high level chlorine test 

strips 

Cole Parmer – Deardoff 

Fitzsimmons corporation 

0-10000 

 

Table 4: Details of QAC rapid test methods: 

Assigned 
code: 

Name  Company  Detection 
levels (ppm)  

QAC (a) Hydrion - Quaternary Ammonium 

compound  test  paper  

Cole Parmer – 

MicroEssential laboratory   

0-400 

QAC (b) QAC QR test strips  Cole Parmer –La Motte  0 -400 

QAC (c) QAC (0-400ppm) Labtek Services 0-400 

 
 
3 RESULTS AND DISCUSSION  
 
3.1 Thermal indicator standard test 

 
Table 5: Results obtained during testing of the TDI labels. End point setting 1 (EP1) was 65°C 
and End point setting 2 (EP2) was 71°C. The table includes information on reversibility of the 
labels, the surface and set temperatures at each end point and the observations made during 

the test. 

Label  
Irreversible? End Point 1 

 
End Point 2 

 
Observations 

EP1 EP2 Surface Temp Surface Temp  

1 Y Y 65.1 70.0 Time to change at; EP1: 
1min 21sec; EP2 1min 23sec 

2 Y Y 65.0 70.1 Time to change at; EP1 1min 
15sec; EP2 1min 34sec 

3 Y Y 64.7 70.0  

4 Y Y 64.6 70.0 
This label took a longer time 
to reach both end points in 
comparison to label 3. 

5 Y Y 64.8 70.0  
6 Y Y 64.8 70.0  

7 Y Y 64.7 69.9 
The indicator for EP2 started 
getting dark at a set 
temperature of 70°C. 

8 Y Y 64.8 69.9  
9 Y Y 64.8 69.9  
10 Y Y 64.8 69.9  

Mean 64.81 69.97  
Standard deviation 0.145 0.067  

 
During the study of the TDI label results (Table 5) it was observed that the labels were quite consistent 

with each other. When looking at the measured surface temperature results for EP1, it can be observed 
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that they were within the ±1°C stated by the manufacturer. The results for the EP2 showed that the 

label 1, 3, 4, 5 and 6 were -1°C below the set temperature (just within the ±1°C threshold), with a few 

results falling at 1.1°C below the set point (labels 7-10 - 0.1°C outside the threshold). This could, 

however, be due to fluctuations in the block temperature as calibrations showed it could flicker by 

~0.1°C which could potentially mean these labels changed colour within the stated range. If the 

temperature is slightly above the set point the colour change is likely to change rapidly. If the machine 

is running just below the set point it may take longer to change colour (in some cases up to 10 minutes: 

results not shown).   

 
Table 6: Results obtained during testing of the TI labels: Range A. End point setting 1 (EP1) was 
60°C, End point setting 2 (EP2) was 65°C. The table includes information on reversibility of the 
labels, the surface and set temperatures at each end point and the observations made during 

the test. 

Label  
Irreversible? End Point 1 

 
End Point 2 

 
Observations 

EP1 EP2 Surface Temp Surface Temp  

1 Y N 59.2 63.0 

EP1: The 60°C box started 
filling in at a set temperature of 
58.5°C.  
EP2: The indicator for 65°C 
almost reached its endpoint at 
a set temperature of 63.5°C 

2 Y N 58.7 63.9 

EP1: The 60°C box started 
filling in at a set temperature of 
58.5°C. Prolonged time at 
60°C caused it to reach its 
endpoint. The rate at which 
this happened was slower then 
label 1 

3 Y N 58.7 64.5 

Unlike labels 1 & 2 the 
indicator for EP2 did not start 
darkening until a set temp of 
65°C was reached. At EP2 this 
label took a lot longer to turn 
compared to label 4. 

4 Y N 58.7 64.4 

Unlike labels 1 & 2 the 
indicator for EP2 did not start 
darkening until a set temp of 
65°C was reached. 

5 Y N 58.7 63.7  
6 Y N 59.3 64.7  
7 Y N 59.3 63.9  

8 Y N 59.3 63.9 
At EP2 this label took about 6 
minutes longer to reach the 
endpoint than label 7. 

9 Y N 59.2 63.9  
10 Y N 59.1 63.9  

Mean 59.02 63.98  
Standard deviation 0.282 0.476  

 
During the study of the TI labels; Range A (Table 6), it was observed that they were less consistent 

when compared with the TDI labels, but nearly all of the labels fell within the ranges stated in the 
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method (manufactures stated an accuracy of ±2% of the temperature in °F: 58.4-61.6°C for EP1 and 

63.3-66.7°C for EP2). The exception was EP2 on label 1 which turned at 63.0°C (0.3°C below the 

stated range). This may be due to temperature fluctuations in the block; however it is out by further 

than the normal fluctuation range.  

 

There were issues with irreversibility of the TI labels at the higher temperatures tested. It was 

observed, however, that whilst they started to reverse slowly during cooling down it was still clear they 

had reached their end point. It was only once the labels had been peeled from the aluminium block that 

it became difficult to determine whether they had reached the set temperature or not. This suggests 

that they can be used for the purpose of validating surface temperatures during hot water treatment 

performance, however, they would not be suitable to keep as records due to their colour loss; it may be 

best to photograph the labels before removal and save the image as a record.  

 
Table 7: Results obtained during testing of the TI labels: Range B. End point setting 1 (EP1) was 
88°C and End point setting 2 (EP2) was 93°C. The table includes information on reversibility of 

the labels, the surface and set temperatures at each end point and the observations made 
during the test. 

Label  
Irreversible? End Point 1 

 
End Point 2 

 
Observations 

EP1 EP2 Surface Temp Surface Temp  
1 Y N 89.0 93.1 EP1 and EP2: One degree 

before the set point the colour 
change began to happen. The 
colour did not fully change until 
stated.  
 
At EP2: The labels went back 
to a grey/white colour once 
removed from the heating 
block 

2 Y N 89.5 94.8 
3 Y N 89.4 93.8 
4 Y N 89.4 94.3 
5 Y N 87.0 93.6 
6 Y N 87.4 93.6 
7 Y N 88.9 94.1 
8 Y N 88.5 94.6 
9 Y N 89.2 94.3 

10 Y N 89.2 94.3 
Mean 88.75 94.05  

Standard deviation 0.87 0.52  
 
 
During the study of the TI labels; Range B (Table 7), it was observed that both labels fell within the 

ranges stated in the method (manufactures stated an accuracy of ±2% of the temperature in °F: 85.7-

89.9°C for EP1 and 90.6-94.9°C for EP2). Again, there was issues with irreversibility of the TI labels at 

the higher temperatures tested. Once the labels had been peeled from the aluminium block the colour 

changed returned to the original pale colour. This suggests that they can be used for the purpose of 

validating surface temperatures during hot water treatment performance, however, they would not be 

suitable to keep as records; it may be best to photograph the labels before removal and save the image 

as a record.  

Table 8: Results obtained during testing of the Omega labels. End point setting 1 (EP1) was 
88°C and End point setting 2 (EP2) was 93°C. The table includes information on reversibility of 

the labels, the surface and set temperatures at each end point and the observations made 
during the test. 
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Label  
Irreversible? End Point 1 

 
End Point 2 

 
Observations 

EP1 EP2 Surface Temp Surface Temp  
1 Y Y 88.2 94.8 EP1: Started to observe colour 

change at ~86.5- 87°C  
EP2: The colour change was a 
slightly lighter grey/black to the 
other temperature points.  

2 Y Y 88.2 94.8 
3 Y Y 88.8 94.8 
4 Y Y 89.3 94.8 
5 Y Y 88.2 94.9 
6 Y Y 88.2 94.9 
7 Y Y 88.4 94.8 
8 Y Y 88.4 94.8 
9 Y Y 89.0 94.8 

10 Y Y 88.5 94.8 
Mean 88.52 94.82 

Standard deviation 0.388 0.042 
 

During the study of the Omega label results (Table 8) it was observed that, the labels were quite 

consistent with each other. When looking at the measured surface temperature results, for EP1 it can 

be observed that they indicated the surface temperature within 1°C of the temperature set point.  

At EP2 the labels indicated the surface temperature within 1.8°C of the temperature set point. This was 

just within the stated accuracy of ±2% of the temperature in °F.  
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3.2 Chemical concentration tests  

Studies were carried out to assess the methods used to verify concentrations of cleaning solutions. The 

studies were carried out on various concentrations of Chlorine and QAC. The chlorine analysis tests 

consisted of 3 types of detection limits; Low (0-10 ppm), medium (0-200 ppm) and high (0-10000 ppm). 

The QAC analysis tests consisted of 1 detection limit; medium (0-400 ppm).  

 
3.2.1 Chlorine test strips  

 
Table 9 (a): Readings (ppm) obtained on the low level detection chlorine test strips (0-10ppm) 
once dipped in chlorine at various concentrations. (More information on label types shown in 

Table 3). 

Label 
type 

Concentration of Chlorine (HOCl) (% and ppm) 

100 24 2.4 0.24 0.024 0 (Water) 

43400 9200 1130 113 27 0 (Water) 

Low (a) Bleached 

light purple - 

1 

Bleached 

purple - 3 

10 10 3-5 0 

 

 
Low (b) Brown 

orange - 

Unknown 

Brown 

orange - 

Unknown 

Black – 
unknown 

>6 0.8-1.2 0 

 
 

The results shown in Table 9 (a) indicate that using low detection methods the strips gave false 

negatives (Low a) at very high concentrations of chlorine (24 and 100%) and Low (b) gave unknown 

results after dipping in concentrations above 2.4%. The results indicate that this is not a suitable 

method to use to test recommended concentrations of chlorine which are normally around 1000 ppm.   
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Table 9 (b): Readings (ppm) obtained on the medium level detection chlorine test strips (0-200 
ppm) once dipped in chlorine at various concentrations. (More information on label types 

shown in Table 3). 

Label 
type 

Concentration of Chlorine (HOCl) (% and ppm) 

100 24 2.4 0.24 0.024 0 (Water) 

43400 9200 1130 113 27 0 (Water) 

Medium 
(a)  

0 Bleached  0 Bleached 200 100 10 0 

   
Medium 
(b)  

0 Bleached  0 Bleached  200 100 10 0 

 
Medium 
(c) 

>100 >100 >100 50-100 0-25 0 

 
 

The results shown in Table 9 (b) indicate that, using medium detection methods, the strips gave false 

negatives (medium a and b) at very high concentrations of Chlorine (24 and 100%). It was also difficult 

to decipher the difference between concentrations above 2.4% following testing with Medium (c) 

product. The results were most accurate for concentrations of 0 - 2.4% using method s (a) and (b). 

When a dark purple colour is obtained using methods (a) and (b) it can be a suitable way to ascertain if 

the concentration is correct. If the strips stay white or turn white under solutions of chlorine used for 

disinfection than this may indicate that either too little or too much chlorine respectively has been 

added and the formulation should be re-assessed.  

 

The results shown in Table 9 (c) indicate that, when using high detection (0-1000 pmm) methods, the 

strips gave the most suitable results at concentrations between 0.24 and 2.4%, above which the 

concentration was out of range for the test strips. The results shown in Table 9 (d) indicate that, when 

using very high detection (0-10000 pmm) methods, the strips gave the most suitable results at 

concentrations between 2.4 and 100%, below which the concentration was out of range of the test 

strips. These results indicate that the most suitable method to test that the recommended concentration 

is very high chlorine detection strips (Table 9 d).  
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Table 9 (c): Readings (ppm) obtained on the high level detection chlorine test strips (0-1000 
ppm) once dipped in chlorine at various concentrations. (More information on label types 

shown in Table 3). 

Label 
type 

Concentration of Chlorine (HOCl) (% and ppm) 

100 24 2.4 0.24 0.024 0 (Water) 

43400 9200 1130 113 27 0 (Water) 

High (a) Orange -

Unknown 

Orange -

Unknown 

>750 50-100 0-25 0 

 
High (b) Orange -

Unknown 

Orange-red 

- Unknown 

500-800 100-250 0 0 

 
High (c) Orange –

Unknown  

Orange-red 

– unknown  

500-1000 100-250 0 0 

 
 

Table 9 (d): Readings (ppm) obtained on the very high level detection chlorine test strips 
(0-10000 ppm) once dipped in chlorine at various concentrations. (More information on label 

types shown in Table 3). 

Label 
type 

Concentration of Chlorine (HOCl) (% and ppm) 

100 24 2.4 0.24 0.024 0 (Water) 

43400 9200 1130 113 27 0 (Water) 

Very High 

High (a) 

10000 7500-

10000 

1000 Purple – 

unknown 

0 0 
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strips turn dark blue this may indicate that there is too much QAC and the formulation should be re-

assessed.  

 

Whilst studies were not undertaken to assess reversibility of the colour change for the test strips, some 

of the manufacturers’ instructions recommended that the test strips are read immediately after dipping 

and disposed of after a short period (e.g. 40 seconds; Very high a). As noted above for temperature 

indicators, it may be advisable to use photographic evidence of the chemical strip colour change for 

record purposes. 

 

4 DISCUSSION/CONCLUSION  
 

All temperature and chemical indicator strips used in this study were commercial products and thus 

expected to perform as stated in their use instructions. The aim of this research was to investigate the 

reliability of verification methods, readily available to small businesses, for the purposes of monitoring 

the efficacy of E. coli O157 decontamination techniques for food service equipment.  

 

The verification methods may be a good technique: 

 To monitor and record the disinfection practices used. 

 To assist during disinfection training. 

 To verify that the method is correct on changing operator or the disinfection method.  

 To validate chemical dosing when a disinfectant method is used for the first time.  

 

During the assessments of the temperature labels it was observed that the labels were a suitable 

method to verify the heat treatment achieved on surfaces during both wet and dry heat treatment. It 

was found that the labels tend to change colour when close to the threshold temperature (this change 

is usually quite slow). At or above the threshold temperature they tend to change faster. Some of the 

labels were reversible after the heat treatment indicating that they would not be suitable as proof of 

validation of a disinfectant method. It may be advisable to use photographic evidence if used for 

verification of results.  

 

Rapid chemical testing strips were also assessed for their suitability to test the concentration of a 

disinfectant solution. They were found to be quite accurate as long as the correct detection level strip 

was used. These results may vary depending on the type of chemical method used and recommended 

concentration suggested. Again photographic evidence could be used if required for verification of 

results.  

 
The advantage of the thermal label method is that the operator does not require training as the method 

is quite straight forward. Using the chemical treatment test strip method requires the operative to be 
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able to assess and understand the chemical concentrations and choose the correct detection level of 

test strip.  For example, being able to calculate the level of the active ingredient (HOCl or QAC) in the 

manufacturer’s recommended in-use concentration in ppm from the manufacturer’s stated in-use 

concentration as a percentage dilution.  
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Test 2: Internal cross contamination  
The research into the internal cross-contamination of the items packed in a vacuum packer involved 

inoculating the vacuum packing machine with Serratia marcescens. Serratia marcescens is a species 

of rod-shaped gram-negative bacteria, in the family Enterobacteriaceae. It has similar properties to E. 

coli so was suitable for the required test, but in addition, is readily visible via its red colony colouration 

on growth media.  

 

Preliminary trials to test suitability of culture and method:  

A culture of Serratia marcescens NCTC 13382 was obtained from the National Collection of Type 

Cultures.  The organism was cultured overnight at 25°C in 10mL Tryptone Soya Broth (TSB) and this 

culture was streaked onto 2 x Tryptone Soya Agar (TSA) plates.  TSA plates were incubated both 

aerobically and anaerobically at 25°C for 24 hours.  Aerobic colonies showed strong red pigmentation, 

whereas anaerobically grown colonies where non-pigmented, suggesting that the pigment prodigiosin 

is not produced by this organism in the absence of oxygen.  Anaerobic plates were re-incubated 

aerobically at 25°C for 24 hours and colonies showed red pigmentation.   

 

A further overnight culture of S. marcescens was prepared and a serial dilution was made in Maximum 

Recovery Diluent (MRD).   0.1mL aliquots of relevant dilutions were spread across the surface of 

duplicate 90mm TSA plates and duplicate 140mm TSA plates. Ten 90mm plates were incubated 

aerobically and ten 140mm plates were allowed to dry before being dislodged into a vac packer bag 

using a quadloop and sealed in a vacuum-packer (Multivac Gastrovac).   Plates were incubated at 

25°C for 48 hours. 

 

After 48 hours incubation, aerobic plates were counted to establish inoculum level.  Vac-packed bags 

showed non-pigmented growth due to the anaerobic conditions. The vacuum in the bags packed with 

140mm inoculated plates was released by aseptically opening each pack using a scalpel and samples 

were re-incubated at 25°C and checked at intervals.  After 24 hours, red pigmentation was observed in 

all inoculated vac-packer bags, corresponding to a minimum inoculation level of 3-4 CFU/plate, 

suggesting that the method was sensitive enough to detect low numbers of contaminating organisms. 

 

Vacuum packer trial  

Three hundred and four 140mm TSA plates were pre-poured. Two TSA plates were opened, placed in 

the chamber of the vac-packer (Multivac Gastrovac) and exposed to the vacuum packing process (see 

Figure 6. The vacuum packer internal parts were then inoculated with an overnight culture of Serratia 

marcescens. Areas of inoculation were decided following previous FSA research (Guidance on re-

commissioning vacuum packers and weighing scales).  1mL of culture was applied to the suction pipe 

manifold and spread over the surfaces with a sterile paint brush (Figure 2). A further 1mL of culture 
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was spread on the inner surface of the suction pipe (Figure 3). The vacuum packer was then 

reconstructed and the chamber area cleaned with alcohol wipes (Azowipe, disinfectant wipes; Synergy 

Health plc) before starting. One hundred TSA discs were vacuum packed in 200 mm x 300 mm 

vacuum pouches (The Food Machinery Company Ltd).   

  
Figure 2: Inoculation of the suction pipe manifold  

 

  
Figure 3: Suction pipe 

 

After 100 TSA discs were vacuum packed, the machine was again taken apart and two further areas 

were inoculated; the rear side of the air outlet cover plate (Figure 4) and the inner surfaces of each gas 

flushing nozzle (Figure 5). 

 

The inside of the machine was cleaned with alcohol wipes before vacuum packing a further 200 TSA 

discs.  As a final test, 2 further TSA plates were opened and placed in the vacuum packer and exposed 

to the vacuum packing process (with no bag – Figure 6). All plates and vacuum packed agar discs 

were incubated at 25°C for 48 hours. After 48 hours, each bag was opened aseptically using a scalpel 
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and re-incubated at 25°C.  Samples were checked after 24 hours and 96 hours for the presence of red 

pigmentation. Growth from positive packs was streaked onto TSA for confirmation by API (Analytical 

Profile Index) biochemical testing. 

 

  
Figure 4: The rear side of the air outlet cover plate and inoculation method 

 

  
Figure 5: Inoculation of the inner surfaces of each gas flushing nozzle 
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Test 2: Internal cross contamination  
The Serratia marcescens was firstly inoculated onto the suction pipe manifold and suction pipe (Figure 

2 and 3 respectively). This area is where air exits and enters the chamber during a vacuum packing 

event. The results in Table 2 indicate that 4 packed agar discs, out of the first 50 bags packed, were 

contaminated by the initial inoculation. These results indicate that if an item highly contaminated with 

E.coli O157 was packed in the machine, and this contamination reached the difficult to clean parts such 

as the exhaust manifold or exhaust tube, this has the potential to spread to subsequent products 

packed in the same machine. There appeared to be no further cross contamination after sample 

number 49. This may be due to the nature of the area in which the Serratia marcescens was 

inoculated, as the air entering and exiting the chamber may have desiccated the inoculation, either 

resulting in a loss of inoculum viability or permitting it from spreading further. 

 

After 100 TSA discs were vacuum packed, the machine was again taken apart and two further areas 

were inoculated; the rear side of the air outlet cover plate and the inner surfaces of each gas flushing 

nozzle (Figure 3 and 4 respectively). Inoculation of these parts did not seem to cause further cross 

contamination to the agar discs in the succeeding 200 packs.  

Table 2: Results of vacuum packer cross contamination study. 

Sample numbers Result API Confirmation top match 

Start control plate 1  Negative - 

Start control plate 2 Negative - 

1-3 Negative - 

4 Positive Serratia marcescens 

5-14 Negative - 

15 Positive Serratia marcescens 

16 Negative - 

17 Positive Serratia marcescens 

18-48 Negative - 

49 Positive Serratia marcescens 

50-300 Negative - 

End control plate 1  Positive Serratia marcescens 

End control plate 2 Negative - 

 

The final control agar plate placed in the chamber did however show a positive result (Table 2; End 

control plate 1). This suggests that the contamination was still viable in the chamber although not 

reaching the inside of the packages.  
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4 DISCUSSION/CONCLUSION  
 

The aim of this research was to assess the cross contamination that occurs both externally from pack 

to pack and internally from contaminated areas that are hard to reach/clean. Cross contamination to 

the outer and inner surfaces of vacuum packed products was demonstrated via two methods discussed 

earlier; Test 1: External cross contamination and Test 2: Internal cross-contamination.  

 

In Test 1, UV simulants were used to represent a contamination event and the spread that can occur 

following packing of one heavily contaminated product. It was observed that the operator can spread 

contamination from product to gloves and then to contact surfaces such as lid, handle, control panel 

and outer and inner bags (Figure 8-10). Even when gloves are replaced with a clean pair, the 

contamination was still spread to further products packed (See Table 1). In Test 2, the machine was 

inoculated in different areas to assess the spread to internal products if the machine was contaminated 

in hard to reach/clean areas. Contamination was observed in 4 out of the first 50 bags packed. This 

signifies the risk that is posed when machines are used for dual purposes such as raw and ready to eat 

(RTE) products. 

 

Test 2 was carried out aseptically, wherein the operator did not come into contact with the packaged 

agar discs. However, if the results of Test 1 are taken into account and the operator was also handling 

the product when the chamber is also contaminated (as shown in Table 2; End control plate 1) then this 

again increases the risk of cross-contamination to the internal surfaces and contents. Also, when the 

chamber shows contamination this is likely to be transferred onto the outer surface of the packaging 

and thus the operator’s hands/gloves, which can then transfer onto the packaged item as shown in 

Test 1; Table 1. 

 

The results of this research illustrate how bacteria, such as E. coli O157, that are invisible to the naked 

eye, can be easily spread to food without the operator’s realisation. These bacteria could cause serious 

public health issues. If food businesses handle raw food, which could be contaminated with E. coli 

O157, in the same establishment as ready-to-eat food, there will be a greater risk.  

 

Theoretically it would be possible to reuse a vacuum packer for packing RTE products after packing 

raw products, but all internal and external vacuum packer surfaces would need to receive thorough 

cleaning and disinfection process.  This would require extensive dismantling of the machine, thorough 

cleaning and disinfection of all parts and rebuilding and testing the operation of the machine.  This is 

most unlikely, however, to be undertaken in practice.  

 

Food businesses must practise good food hygiene at all times to make sure the food they produce is 

safe. Following the results of this research and the impracticability of total machine dismantling and 
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decontamination, it would be advisable to avoid using a vacuum packer for both raw and RTE food 

items. In addition, if a vacuum packer has been contaminated, it must undergo a stringent re-

commissioning cleaning to ensure it is then safe for use with RTE products.  
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3 RESULTS 
The results in Table 1 indicate that no cross-contamination occurred in agar discs packed in either 

machines (Table 1: samples 1-300). The only cross-contamination observed was on an agar disc within 

a bag that was not sealed correctly (Table 1: Sample placed backwards in vac-packer). This indicates 

that heavy contamination of the machine may be sufficient to contaminate the inside of a bag that has 

been mishandled. It also indicates that, under such conditions of heavy soiling, the air in the chamber 

may become contaminated allowing potential cross contamination of products.  

 
Table 1: Results of vacuum packer cross contamination study. 

Vacuum packer Sample 
numbers 

Result API Confirmation top 
match 

- TSA sterility 1-3 - - 
J30 Pre-inoculation 

controls 1-3 
(plates) 

- - 

Pre-inoculation 
controls 1-3 

(discs) 

- - 

Samples 1-300 - - 
Post-packaging 

controls 1-3 
- - 

Sample placed 
backwards in 
vac-packer 

+ Serratia marcescens 
Very good ID (99.8%) 

J42 Pre-inoculation 
controls 1-3 

(plates) 

- - 

Pre-inoculation 
controls 1-3 

(discs) 

- - 

Samples 1-300 - - 
Post-packaging 

controls 1-3 
- - 

 

 

4 DISCUSSION/CONCLUSION  
 

The test revealed that there was no contamination to the sealed products. There was, however, 

evidence to show that the chamber itself was contaminated. This may increase the risk of cross-

contamination of the product.  

 
























































